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Summary 
The responsibility for the quality of air within factory buildings is under the control of the manufacturers of food 
products. Room air of a specified quality (temperature, humidity and particle concentration) and quantity 
(outdoor air volume) is required for the comfort and safety of employees. It may be necessary to impose 
additional controls on environmental air quality to reduce the possibility of contamination and/or to maintain work 
place safety for the manufacture of some products. 
The “Guidelines on air handling systems in the food industry - air quality control for building ventilation” have a 
focus on air handling systems installed for food factory building ventilation and its air quality control. Supply 
systems for process air, compressed air and exhaust air systems such as grease filter systems or dust removal 
units are excluded from the scope of this document. 
These guidelines are intended to assist food producers in the design, selection, installation, and operation of air 
handling systems to meet the air quality and hygienic requirements of the food manufacturing process. 
Information is provided on the role of air systems in achieving and maintaining microbiological standards in food 
products. The guidelines cover the choice of systems, air filtration types, system concepts, construction, 
maintenance, sanitation, testing, commissioning, validation and system monitoring. 
Introduction 
The quality of air within factory buildings is controlled by many manufacturers of food products. The controlled 
properties of air, especially temperature and humidity, may be used to prevent or reduce the growth rate of 
some micro-organisms in food manufacturing and storage areas. The particle content - dust and micro-
organisms - can also be controlled to limit the risk of product contamination and hence contribute to safe food 
manufacture. Airborne contaminants are commonly removed by filtration, where the extent and rate of their 
removal can be adjusted according to acceptable risks of product contamination. 
Choice of the optimum system for each process and food application demands not only the prior definition and 
specification of system requirements, but also knowledge of the engineering of air handling systems. Therefore, 
it is essential that reliable consultants and contractors, with specialist knowledge and experience of air handling, 
filtration and refrigeration technology in a food manufacturing environment, are involved during the design, 
building and commissioning stages. Also, an integral approach is essential in the planning and the operation of 
a food manufacturing facility, which means not only having an isolated view on the air handling system itself but 
also considering its interaction with all other components and procedures of the building and the process. 
For successful operation of a space where controlled air is needed for food product microbiological safety, or 
shelf-life reasons, the air system should be correctly designed, installed and commissioned. Once in use, 
maintenance, cleaning and disinfection should be practical and effective to maintain performance. The air 
system is usually not the only factor affecting the performance of food manufacturing zones. Compatible hygiene 
and operational practices should also be in place. Air system maintenance and sanitation may be carried out 
by trained in-house personnel or by specialist contractors. 
This document was originally planned as revision of the former EHEDG Doc. 30 “Guidelines on the air handling 
in the food industry”. As the title, scope and content of this document was significantly changed compared to 
the original document – in fact a complete new document was written – it was decided to withdraw Doc. 30 and 
to publish this revised document as a new EHEDG Guideline with a different guideline number. 
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1 Objectives and scope 
This document has a focus on air handling systems installed for food factory building ventilation and its air 
quality control. Supply systems for process air, compressed air and exhaust air systems such as grease filter 
systems or dust removal units are excluded from the scope of this document. These systems are significantly 
different from the building ventilation systems dealt with in this document, and hence, should be the subject of 
separate documents. 
These guidelines are intended to assist food producers in the design, selection, installation, and operation of air 
handling systems to meet the air quality and hygienic requirements of the food manufacturing environment. The 
guidelines cover the choice of systems, air filtration types, system concepts, construction, maintenance, 
sanitation, testing, commissioning, validation and system monitoring. These guidelines are not intended to be a 
specification for construction of any item of equipment installed as part of an air handling system. Each 
installation needs to take account of local requirements. It is suggested that suitable specialists and air quality 
engineers should be consulted, to assist in the design and operation of the equipment. 
2 Normative references 
EHEDG Doc. 24 The prevention and control of Legionella spp. (including Legionnaires’ disease) in food 
factories 
EHEDG Doc. 44 Hygienic design principles for food factories 
EN 13779 Ventilation for non-residential buildings - Performance requirements for ventilation and 
room-conditioning systems. 
EN 779 Particulate air filters for general ventilation. Determination of the filtration performance 
EN 1822, Part 1-5 High efficiency air filters (EPA, HEPA and ULPA). 
VDI 6022 Blatt 1 Hygiene requirements for ventilation and air-conditioning systems and units (VDI 
Ventilation Code of Practice). Guideline of the Association of German Engineers. 
VDI 3803 Part 1 Air-conditioning - Central air-conditioning systems - Structural and technical principles (VDI 
ventilation code of practice). Guideline of the Association of German Engineers. 
 
Figure 1: Schematic visualisation of the scope of this document (highlighted in green) 
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3 Definition of terms 
General terminology defined in the EHEDG Glossary apply to this guideline (see www.ehedg.org/glossary.pdf). 
Standardised air flow terminology used in the document to describe the various types of air and typical air 
handling equipment used for the required air filtration, conditioning (heating/cooling, humidity control) and 
distribution (air supply, return, recirculation and exhaust) is shown in Figure 2. 
AHU 
Air Handling Unit 
 
Figure 2: Standardised terminology for environmental air at different stages in the food factory 
 
Air exchange rate 
Rate of complete air changes expressed as number of air changes per unit of time and calculated by dividing 
the volume of supply air delivered in the unit of time (in m³/h) by the volume of the space (in m³). 
Outdoor air exchange rate 
Volume of outdoor air delivered in the unit of time (in m³/h) by the volume of the space (in m³). 
Recirculated air exchange rate 
Volume of recirculated air delivered in the unit of time (in m³/h) by the volume of the space (in m³). 
The air exchange rate is the sum of outdoor air exchange rate and recirculated air exchange rate. 
Note: In rooms without direct supply air, air exchange rate could be also calculated using the amount of transfer 
air. 
Air exchange efficiency 
Effectiveness of the air exchange or average age of the air in a room. The room recovery time is a good measure 
for the air exchange efficiency. The recovery time is the time a room needs to return to a specified cleanliness 
level, after being exposed briefly to a defined source of airborne particulate challenge. 
Air filter stage 
Space directly upstream and downstream of the air filters, the filter frames, the air filter elements and all 
measuring instruments used in the air-filtration section. 
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CIP (cleaning-in-place) 
System that cleans solely by circulating and/or flowing chemical detergent solutions and water rinses by 
mechanical means onto and over surfaces to be cleaned, without dismantling (adapted form ISO 22000). 
Note: CIP efficiency depends on 5T's — time, temperature, titration (chemical concentration), turbulence and 
technology. When CIP is done in a dry area, it should be designed to preclude any water from passing into the 
environment. 
Closed loop recycled air 
Air passing through a closed circuit within the room space with possibly some retreatment, e.g. cooling. 
Compressed air 
Air at a pressure above atmosphere (1013 mbar), typically supplied by a compressor (pressure ratios exceeding 
1.1). For compressed air and its contaminants and purity classification see ISO 8573-1. Compressed air is not 
in the scope of this document. 
Contaminant 
Any biological or chemical agent, foreign matter or other substance not intentionally added to food, which may 
compromise food safety or suitability (Codex). 
Contamination 
The introduction or occurrence of a contaminant in food or food environment (Codex). 
Exhaust air 
Air transferred from the controlled space to the outside. 
Extract air 
Air extracted by way of a fume or dust removal system not normally or necessarily in conjunction with a supply 
air system, but may include a separate treatment stage. Extract air treatment is not in the scope of this document. 
HACCP (Hazard Analysis Critical Control Point) 
A system which identifies evaluates and controls hazards that are significant for food safety (Codex)  
Note: A HACCP study must be performed during the development of new products and processes, covering 
thus new equipment, and when changes are made on existing lines or to products  
Hazard  
A biological, chemical or physical agent in, or condition of, food with the potential to cause an adverse health 
effect (Codex)  
Hazard analysis  
The process of collecting and evaluating information on hazards and conditions leading to their presence to 
decide which are significant for food safety and therefore should be addressed in the HACCP plan (Codex)  
Note 1: Hazard analysis is a crucial step in the implementation of an HACCP plan  
Note 2: Hazard analysis must not be confused with risk analysis 
Leakage 
Uncontrolled air movement into or out of the controlled space as a result of pressure differences. 
Ingress air (Infiltration) 
Untreated air entering the controlled space through doorways and other openings. 
Egress air 
Treated air lost from the controlled space through doorways, windows, openings etc. 
Make-up air 
Air taken into the system to make up losses. 
Outdoor air 
Untreated air from the outside environment (also referred to as “fresh air”). 
Overpressure 
Pressure difference between rooms. 
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Process air 
Conditioned or treated air used within process equipment or as part of the product process (e.g. headspace air 
or compressed air from a filler). Process air is not in the scope of this guideline. 
Recirculating air 
Air returned to the air handling system for retreatment. 
Return air 
Air taken from the controlled space by the air handling system. 
Risk evaluation 
Systematic qualitative and/or quantitative evaluation of all known or potential adverse effects to food safety to 
understand the contamination risk of the product to be manufactured in a controlled space and the factors 
influencing this risk 
Supply air 
Conditioned or treated air supplied to the controlled space. 
Transfer air 
Air transferred from one controlled space to another e.g. through grilles, pressure relief dampers, wall fans or 
openings 
4 General design considerations 
Air handling equipment should be designed and installed to minimize the risk of contamination of the air 
movement system, and to maintain the air quality with suitable access for inspection, maintenance and cleaning 
of all parts of the system as required. Especially, harbourage sites or hard or impossible-to-clean recesses or 
any other places where microorganisms can settle/colonize but where cleaning/disinfecting agents cannot 
penetrate should be generally avoided in the design of air handling equipment. 
A wide range of food products needs to be protected against airborne contamination during the manufacture 
and primary packing stages. Subject to product sensitivity, hygiene air quality control is one of a number of 
factors necessary to promote good manufacturing practice to ensure that safe wholesome food is produced. 
The air in a food factory is in contact with all surfaces and functions of the manufacturing process including 
personnel, machinery, room surfaces (walls, floors, ceilings) and the food products. Thus the air handling design 
specification for such items as supply air volume, temperature control and air filtration should combine to support 
the role of the air movement system under all operating conditions. 
The air handling and air movement equipment installed to serve a food manufacturing process should maintain 
the air hygiene performance at all times, with reliability being a key feature of the design and installation. 
4.1 Airborne contamination risk 
The noun airborne contaminant refers to substances or material suspended in the air which might have a 
negative impact on the process or the product. What needs to be considered as contaminants should be defined 
as a result of a hazard analysis as described in Section 4.3. Contaminants may be carried into the building or 
process environment by the outdoor air or may be generated inside the building or process by the operations 
carried out or by the materials and personnel present. 
Outdoor air drawn into an air handling system is from the environment in which the factory is located. Often 
referred to as 'fresh air' which is subjective, the environmental air will contain a wide range of particulate matter, 
including micro-organisms and various gaseous (odour) components. In general, typical airborne contaminants 
are: 
— Particulate matter 
o Inorganic dust, for example from erosion, sand storms, forest fires and agricultural activities; 
o Natural organic dust like pollen or other plant material; 
o Micro-organisms like yeast, mould, bacteria, virus and spores; 
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o Anthropogenic (man-made) dust resulting e.g. from road traffic or industrial incineration processes 
(soot); 
— Gaseous contaminants resulting from e.g. effluent treatment, farming and vehicle exhausts. 
Note that besides odours and the potential risk to the product, high concentrations of gaseous contaminants 
like H2S or NH3 may also lead to rapid corrosion of sensitive and critical electrical or electronic components, in 
the worst case resulting in failure of those elements. 
A critical hygienic design aspect of the air handling system is an efficient pre-filter to minimize the amount of 
airborne contamination entering the AHU. Outdoor air contains a range of dusts, gaseous contaminants and 
potential food spoilage organisms and this, combined with the return air condition which may contain product 
particles, demands that the pre filtration be adequate in terms of mechanical strength, efficiency (particulate and 
if required gaseous) and filter life. 
The selection of the prefilter grade and the filter installation framework is a critical first stage in the air hygiene 
process to ensure a leak resistant installation. The quantity of outdoor air, as a percentage of the total air supply 
requirement, can be from 10 % to 100 %, and high risk food process rooms usually require the least amount of 
outdoor air. 
The air handling system design may include items located upstream of the AHU such as a duct section, 
attenuator, volume control damper and fire damper. All these items, which form part of the air movement 
arrangement, should be accessible for inspection and cleaning. 
4.2 System design concepts in relation to product risk categories 
All food processing operations should be completed in a way that the risk of contamination of one product or 
material by another is minimised. Contamination may be reduced by manufacturing in separate 
locations/factories, by separation of operations within the same factory, by enclosed systems, by partition, by 
air flow, by time with effective intermediate cleaning and, where appropriate, disinfection or other effective 
means. Segregation of different production zones might also require individual air handling systems to reduce 
the risk of cross contamination. 
Building design and the air handling system design are closely linked to each other and should be planned and 
designed in an integral approach. Hygienic aspects of the building design are described in detail in the EHEDG 
document 44 "Hygienic Design Principles for Food Factories". Specifically the concepts of segregation and 
zoning described briefly below have been taken from this document. 
All food processing operations should be carried out in a way in which the risk of contamination of the food 
product or packaging materials by any hazard (including other food ingredients/products) is avoided. Such 
hazards may include: 
— pathogenic micro-organisms 
— foreign bodies (e.g. metal, glass, plastic, insects) 
— chemicals (e.g. allergens, cleaning agents, disinfectants, lubricants) 
In addition, segregation of production zones (including the prevention of airborne cross-contamination) may be 
required with respect to labelling or brand protection issues, including: 
— Wet and dry storage and production areas 
— Vegetarian product claims (in a factory handling meat ingredients) 
— Organic product claims (in a factory handling non-organic ingredients) 
— GMO free claims (in a factory handling GMO ingredients) 
— Allergen-free claims 
— Halal or Kosher claims (in a factory handling non-Halal or Kosher ingredients) 
— Meat species claims (in a factory handling mixed meat species – pork, beef, chicken, lamb etc.) 
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Traditionally, factories have been segregated into separate areas or zones to control microbiological hazards. 
These are described below and the descriptions of the zones are, in many ways, a compromise between 
terminology that has been used historically in the different sectors of the food industry, e.g. dairy, low or 
intermediate moisture foods, frozen and chilled ready-to-eat foods. 
— Non-food production areas 
— Food production areas 
o Basic hygiene areas (Zone B) 
o Medium hygiene areas (Zone M)  
o High hygiene areas (Zone H) 
4.2.1 Non-food production areas 
Food production areas should be segregated from non-food production areas such as locker rooms, 
canteens/restaurants, smoking areas, boiler rooms, workshops, machinery rooms, laboratories, offices, meeting 
rooms, living accommodation. Separation should be by physical means such as walls, sufficient to prevent 
contamination of food production areas by pests, particulates, gases and fumes. 
4.2.2 Microbiological laboratories 
Microbiological laboratories, particularly those undertaking pathogen testing, should be physically separated 
from production areas (and from other laboratory areas). Microbiology laboratories should have separate air 
and effluent discharges and safe solid waste discharge. 
4.2.3 Food production areas 
It is important at the outset to understand the contamination risk of the product to be manufactured in a controlled 
space and to determine the required manufacturing cleanliness zone and the level of air cleanliness as design 
specification of the air handling system. It is essential to consider an integrated planning and design approach 
for all items that may have an effect on the air cleanliness. Items such as doors, inlet/outlet hatches, 
manufacturing operations, maintenance, service, behaviour and training of personnel, etc., all play a part and 
combine to interact. 
Products range from low risk – ambient stable, packaged foods or those assured of a full heat treatment by the 
customer, to high risk chilled and other ready-to-eat foods. In the production of these foods a variety of raw 
materials and processing conditions may be in place – introducing, eliminating or controlling different 
microbiological hazards. The growth, survival or dispersion of hazardous micro-organism may be influenced by 
the air handling system, which should: 
— slow or prevent their growth in the manufacturing environment by such means as low temperature and/or 
humidity, 
— prevent their ingress e.g. by overpressure, 
— remove particles which may carry them e.g. by air filtration, 
— minimise cross-contamination e.g. by correctly designed room air delivery and extraction systems, 
— relocate aerosols away from products with the use of directional air flow, 
— not act as a source of contamination (hygienic design, operation and maintenance). 
To control the risk to customers to the required level and minimise manufacturing costs at the same time, it is 
essential that the planning and design of all elements of a food manufacturing site having an impact on or 
contributing to hygiene is well balanced and therefore is based on a fully integrated, overall hygiene concept. 
Without considering the impact of one element (such as air handling systems) on any other element (such as 
the building design) and the interaction between those elements, it might be ineffective, just increasing cost or 
in the worst case might even increase the hygiene risk. Depending on the hygiene, and specifically air handling 
systems requirements, manufacturing areas should be segregated in the three zones, such as basic, medium 
and high, as outlined below. 
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— Basic hygiene areas (Zone B) are the first zone of the food production area, in which raw materials 
are initially processed (e.g. sorted and cleaned of soiling) and where ingredients and finished products 
are stored whilst contained within their primary and/or secondary packaging. 
— Medium hygiene areas (Zone M) are where raw materials are prepared as food ingredients and/or 
food products are processed and packed.  
— High hygiene areas (Zone H) are for products, particularly those that are described as ready-to-eat, 
for which a microbiological reduction process is undertaken (heating, trying, roasting, washing etc.) 
and then further manipulation of the product is required prior to primary packaging. 
The zones are shown schematically in Figure 3 Products can be manufactured entirely within Basic hygiene, 
may pass from Basic to Medium and then back to Basic hygiene or pass from Basic to Medium to High and 
then, via Medium, back to Basic hygiene. 
 
Figure 3: Schematic representation of food manufacturing zones showing potential routes of product 
flow dependent on the product’s need for microbiological protection from the manufacturing 
environment. 
Further information on the segregation of production areas and the building design in general is given in EHEDG 
Doc. 44. 
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Table 1 gives an overview of the system recommendations for air handling with regard to the three different 
production zones. 
Table 1: Overview of system recommendations for air handling 
 Zone B Zone M Zone H 
Filtration of 
environmental air 
(First, second or third 
filter stage) 
See also Section 5.8.7 
Minimum one filter 
stage: 
1. Stage M5-F7 
 
Minimum two filter 
stages: 
1. Stage F7 
(+ GF if required) 
2. Stage F9 
Minimum three filter 
stages: 
1. Stage F7 
(+ GF if required) 
2. Stage F9 
3. Stage E10-H13 
(depending on risk) 
Positive air movement 
from higher to lower 
zone (Controlled 
overpressure) 
-- optional ✔ essential1 
Temperature control optional ✔ essential ✔ essential 
Humidity control -- Optional depending on risk evaluation 
Optional depending on 
risk evaluation 
Minimum air changes 
per hour to maintain air 
quality2 
 5 10 
GF = Gas phase or molecular filters (e.g. activated carbon filters) to filter gaseous contaminants 
4.3 Zoning hazard analysis 
Food manufacturers should undertake a hazard analysis to determine how many processing areas or zones 
are appropriate for the safe manufacture of their product range. The hazard analysis should consider, for 
example: 
— hazards present in raw materials, 
— hazards present in the processing environment, 
— the degree of product handling necessary, 
— the degree of product exposure to the environment (i.e. when not enclosed in vessels and pipelines, 
— intended people, product, waste, water, air and other utility flows within the factory, 
— any hazard reduction steps within the process, 
— the microbiological susceptibility (microbial growth) of the product, particularly with respect to pathogens 
and shelf-life, 
— the potential for pathogen survival within the product, 
— the potential for product microbial spoilage, 
— the type of consumer (elderly, infants, immunocompromised, pregnant women), 
                                                     
1  Typically, cleanroom standards like ISO 14644 recommend 10-15 Pa overpressure. Depending on the size of the 
controlled environment and the openings (e.g. product access hatches), such a high overpressure may be hard to achieve 
and would require a large amount of supply air. Therefore, the EHEDG guideline on building design recommends a minimum 
overpressure of only 2 Pa. Alternatively, positive air movement can be proven by measuring the air velocity at the openings 
(a velocity of 1 m/s is a good guidance value). 
2 Values can be higher depending on the heat sources inside the room and the temperature control 
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— the degree of brand protection required. 
There is no perfect factory zoning solution and a number of solutions may satisfy a food manufacturer's hazard 
analysis. For example, some food processing operations such as the sorting/grading of vegetables for 
size/weight could be undertaken in the field. Alternatively, such operations can be undertaken in Basic hygiene 
areas in the factory. Basic hygiene areas also include warehousing in which ingredients and finished products 
are protected by (as a minimum) their primary packaging. Food processing that prepares products for cooking 
by the consumer (e.g. raw meats, fish and vegetables) or produces ready-to-eat (RTE) products that are 
effectively preserved (e.g. canned or baked products) will require processing in Medium hygiene areas. RTE 
products that have undergone a decontamination process and in which spoilage and pathogenic micro-
organisms could survive or grow during the product's shelf-life, will require processing in a high hygiene area. 
The degree of hygienic design applied to the high hygiene area will depend on the degree of microbial 
decontamination undertaken, the likelihood of spoilage and pathogenic microorganism growth or survival in the 
product, and the risk of cross-contamination from the process and external environment. 
Non-microbial contamination, particularly allergens, may be reduced by manufacturing in separate 
locations/factories, by separation of operations and equipment within the same factory, by enclosed systems, 
by partition, by air flow; by time with effective intermediate cleaning and, where appropriate disinfection; or other 
effective means. 
4.4 Room air and HACCP 
The management of room air is part of the prerequisite programs, which are the foundation of a HACCP based 
food safety management in a food manufacturing facility. It includes practices and procedures that are used to 
control air conditions in the plant environment and people practices, which contribute to the overall safety of the 
product.  
The management of room air fall under universal prerequisite programs (PP), which are defined by the ISO 
Standard 22000:2005(E) as the basic conditions and activities that are necessary to maintain a hygienic 
environment throughout the food chain suitable for the production, handling and provision of safe end products 
and safe food for human consumption. Like other PP the air quality parameter values and measures to maintain 
them should be documented and verified. Any observations and activities should be recorded, corrective actions 
and the verification of their effectiveness should be completed and documented. 
As appropriate prerequisite programs should be in place before a product specific HACCP plan is developed, 
air quality parameters usually never become a Critical Control Point (CCP). However, product specific 
requirements towards air quality should be considered when an Air Handling Unit is designed, fabricated and 
operated. 
4.5 Energy efficiency of air handling systems 
Reducing energy cost and the imperative to reduce CO2 emission has become more and more a focus of 
attention. Nevertheless, any measures aiming to reduce energy cost should not compromise the hygienic 
requirements. Therefore in general, the hygienic requirements should always prevail in the optimization process. 
Air handling unit components and the associated ductwork, grilles and dampers offer resistance to airflow and 
hence energy consumption at the fan/motor set. The main AHU features that consume energy are the filters, 
cooling coils and fan drives. Volume control dampers, inlet grilles and heating coils also contribute to energy 
use. However, the resistance offered by the ductwork, with the exception of fabric ducts and some diffusers 
designs, usually contributes only a small percentage of the total energy consumed. 
Reducing ventilation during idle times can contribute to significant energy savings and hence should always be 
considered first. But it should be noted that shutting down or reducing ventilation may lead to increased 
contamination to production areas and process equipment, and hence, may lead to additional cleaning or 
disinfection steps to be carried out before restart of operation. Therefore and as usual, hygienic requirements 
should be considered carefully. 
Energy consumption of the fan drive is directly related to air speed through the air handling system and an 
increase in air speed of e.g. above 2.5 m/s through the AHU (cross-sectional face area) will result in a 
considerable increase in energy consumption. Therefore, the size specification of an air handling unit should 
result first from the minimum required air flow to maintain the hygienic requirements and second from an 
optimization between investment and operating cost. 
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The resistance to airflow at a given air speed and thus energy use is constant for all components except the air 
filters, which increase resistance to airflow over time of operation due to the dust deposit. Since approximately 
30% of the energy consumption of the fan in an air handling unit can be related to the pressure drop of the air 
filters, careful selection of the most energy efficient filters can prove cost effective. Eurovent document 4/21 
(see Ref. [4]) defines a calculation method for the energy use related to air filters. Based on this method, 
Eurovent Certita Certification defines and certifies an energy efficiency classification system which is a good 
guideline for selecting the most energy efficient air filters (see Ref. [5]). 
To minimise the filter resistance and maximise filter life time, it is beneficial to install the maximum number of 
filters with the greatest filter media area. For coarse and fine dust filters (classes G1 to F9 to EN 779) Pocket or 
cassette-type filters should be installed in preference to panel filters. Note that for air filters the flow resistance 
and thus the energy consumption increases with the square of the volume flow rate. Hence, an increasing 
number of filters per unit, and thus a lower volume flow rate per filter, over-proportionally reduces the energy 
consumption. Also when considering the air filters as for all other components, design specifications should be 
based on an optimisation process between meeting the hygienic requirements (filter efficiency), investment 
(number of filters) and operating cost (energy consumption, filter change cost). 
5 Recommendations for planning, hygienic design manufacture and installation 
Air handling units used for food factory building ventilation and their components are not in direct food contact. 
Therefore the material selection for systems and their components does not need to follow the requirements for 
materials in direct food contact, as for instance described in EHEDG Document 32. However, all system 
components should be designed, manufactured and installed in a way that they do not present a source of 
contamination by themselves and should consist of materials which do not impart a risk to the food product via, 
e.g. the shedding of particles, as described in the Sections below. 
5.1 Design process for validation and documentation 
In order to make sure the ventilation system for food process environments are specified, designed, detailed, 
constructed, commissioned, verified, validated and maintained, a structured approach should be followed. 
This structured approach will be based upon the following documented stages: 
1. User Requirement Specification  
2. Functional Design 
3. Detail Design 
4. Construction 
5. Installation Qualification 
6. Functional Qualification 
7. Performance Qualification 
User Requirement Specification (URS) states the intended use, relevant Critical Control Points (from HACCP), 
the applicable regulations and standards, required space and logistics and required zoning with their specific 
operational (technical) parameters and considered scope…  
Example: Product specifications, process routing, personal routing, cleaning considerations specified to: high 
care, cleanliness level (when applicable), temperature range, humidity range, relative pressure flow cascade. 
Typical URS documents: brief process description, process flow diagram, schematic lay-out with zoning and 
identification of direct food contact, applicable standards, critical indoor climate requirements for process steps, 
personal and logistic, sustainability considerations. 
Functional Design (FD) provides the chosen concepts, interrelationships between systems, Process and 
Instrumentation Diagrams (P&ID), systems functionality, systems capacities, main equipment specifications, 
ducting, piping and insulating specs, concept lay-out drawings, “check drawings on space availability”, 
commissioning summary 
Example: P&ID, capacity calculations for airflow balance, heating, cooling, air handling; room list with room size, 
use, temperature, relative humidity (including tolerances); concept design of relative pressure flow cascade; 
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functional specification of HVAC statuses as well as measurement and control concepts. Descriptions of test 
methods and test scope per system/parameter should also be included. 
Typical Functional Design documents: HVAC P&ID, schematic lay-out of equipment and ducting, room list, 
testing overview. 
Detail Design (DD) provides detailed shop drawings, component selections and specification, controls cabinet 
schemes, wiring diagrams, detailed software specification, test and commissioning documents… 
Example: Equipment list, detail equipment specifications, construction drawings of ducting, instrument list, 
control logic diagrams, i/o list, control cabinet drawings, wiring diagrams, cable tray drawings as well as detailed 
commissioning and test documents for IQ and OQ 
Note: in this phase the clean construction protocol needs to be specified and incorporated in the planning. 
Construction provides construction and assembly in a shop and or erection on site. 
Note: In this phase the clean construction protocol needs to be established. 
Many tasks involved in construction and assembly intrinsically generate contamination. A clean construction 
protocol should be developed and enforced to satisfy and achieve the specified contamination control objectives. 
Particular attention should be paid to the scheduling of tasks which are the greatest sources of contamination, 
such that those tasks are accomplished before tasks which are lesser sources of contamination or more 
contamination-sensitive. 
During construction, measures should be taken to ensure that contamination generated in the course of 
assembly and construction work is contained and removed, so as to limit undue contamination of surrounding 
areas. Appropriate means of containment may include the use of temporary screens and walls, and 
pressurization of critical zones, with provisional use of temporary "sacrificial" filters in the air-handling system(s). 
Such filters, installed to protect clean volumes (clean environment and air-handling systems) from outside 
contaminants, and to permit their initial pressurization and operation, are intended to be removed and replaced 
by filters of the appropriate grade at the agreed stage or stages of start-up, before construction approval and 
subsequent operational use of the installation. 
Continual or frequent cleaning should be planned, undertaken and controlled as specified, with the aim of 
preventing undue build-up of contaminants in any part of the installation, and so facilitating the essential final 
cleaning before start-up. 
 
Figure 3: V-model diagram for the design process 
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Installation qualification (IQ) provides documented factory (FAT) or site acceptance test (SAT) activities to 
verify the construction is according to the approved detail design documents and good construction standards. 
Documents: marked up P&ID's and drawings, leakage/pressure tests, i/o test etc.... leading to a signed 
mechanical completion document.  
Operational Qualification (OQ) (also referred to as Functional Qualification (FQ)) provides documented 
commissioning tests, balancing and verification on qualitative and quantitative performance of individual 
systems and of combinations of integrated systems functioning. 
Documents: completed and signed testing and inspection reports, s.a. capacity, velocity, temperature, humidity, 
controls, actual settings and set points, alarm test… leading to a signed OQ report. 
Note: after completion of OQ the system is ready for hand over to the end user (production). 
Performance Qualification (PQ) provides documented testing of the required performances and functionalities 
as set out in the URS during actual or simulated operation within the boundaries of the performance envelope. 
PQ documents: various tests for process- and product consistency and quality leading to release for commercial 
production. 
Before approval of the Functional Design a design qualification step is advised: 
Design Qualification provides a documented verification showing the Functional Design to include all URS items, 
is according to good engineering standards and has proper coordination between the various technical 
disciplines. 
Documents: Tabular overview of requirements, design issues, considerations and agreed actions for 
adjustments to either URS or FD. 
The structured approach can be illustrated by the V-model diagram as shown in Figure 4. 
5.2 General overview 
Modern air handling units are designed to deliver the air quality specified for the food manufacturing environment. 
An air handling unit generally consists of an insulated panel enclosure made up of a skeletal framework and 
various fixed and removable access panels. The overall size of the AHU is determined by the design air volume 
and requirements for airflow equipment such as prefilter frost protection, heating and cooling coils, fan and 
motor set and the final air filtration. A number of air handling units may be installed to serve a food factory with 
access to all equipment for inspection and maintenance. Segregation of different production zones might require 
individual and separated air handling systems to reduce the risk of cross contamination (see Section 4.2). 
Food factory services are generally located in the ceiling void above the production rooms, and this is the 
preferred location for the air handling equipment. However there are good reasons why some systems are 
located externally and examples would be a plant bakery or when an existing factory shell has been converted 
for food production use and the ceiling void is unsuitable. The issue of weather protection should be addressed 
when equipment is located externally, and ingress of moisture into the AHU structure, which is under negative 
pressure, will result in contamination of the AHU casework fabric and eventually the AHU internal space. 
A basic AHU layout (see Figure 5) with one set of extended surface filters, heating (for winter) and a fan/motor 
set would serve an installation for a basic hygiene area where for example heat is to be displaced from the 
process environment. CIP process rooms and electrical equipment ventilation would also be well served with 
this basic AHU scheme. Please note the fan with direct drive shown in Figure 5. Such an arrangement without 
a filter stage behind the fan is only recommended, if no emissions from the fan (belt abrasion, grease, etc.) are 
to be expected. In case of fans with belt drive, a second filer stage behind the fan would be required (see section 
5.8.7 and 5.8.9). 
To minimise a hygiene risk to the air supply quality, in medium and high hygiene areas, it is preferable to install 
two stages of filters (in the case of no gaseous contaminants having to be filtered), one as a prefilter and the 
other as the last item in the AHU assembly (see Figure 6). If gaseous contaminants have to be removed, a third 
gas phase or molecular filter stage may be required (e.g. activated carbon filters), which is typically placed in 
front of the final filter stage. This arrangement will ensure that any air which may leak into the AHU upstream of 
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the fan outlet will be cleaned prior to delivery into the factory. Food products classified high care and high risk 
would require this security, usually before the terminal EPA or HEPA filter stage, together with many other foods 
which are produced under a high standard of air quality control. 
 
Figure 4: Example of a typical schematic design of an air handling unit 
for basic hygiene food processing areas 
 
Figure 5: Example of a typical schematic design of an air handling unit 
for medium and high hygiene food processing areas 
 
A list of essential features suggested for food application AHU equipment hygiene is listed as follows: 
— Air intake design and location to prevent the ingress of pests, debris and insect matter. 
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— The air-handling system surfaces and components, which are in direct air contact, should consist of 
materials which will neither emit any substance harmful to health nor provide a nutrient substrate for 
micro-organisms (to be tested according to ISO 846). 
— All casework internal surfaces to be manufactured from corrosion resistant material. In some cases 
stainless steel will be specified. Certain factory applied plastic surfaces are suitable. Material selection 
should also consider resistance against detergents and disinfectants used during cleaning and 
disinfection procedures as described in Section 7.6.2 of this document. 
— Internal voids, open channel sections and porous surfaces should be eliminated to prevent the deposit 
and adhesion of contamination. 
— Hard or impossible-to-clean recesses or any other places where microorganisms can settle/colonize but 
where cleaning/disinfecting agents cannot penetrate should be generally avoided. 
— All components should be accessible for the purposes of the required inspection and cleaning work. 
— Gaskets and seals should be non – porous, durable and of a design which can be inspected and cleaned 
effectively. 
— Heating and cooling coils to be manufactured from durable rust resistant materials. Condensate drainage 
equipment should be designed to ensure continuous effective operation with an anti- siphon feature. 
— All air filters to be suitable for extended periods of use in damp and dusty environments. Filter frames 
should be of the front access design to offer an effective leak resistant installation, using corrosion 
resistant materials. Good quality filters certified by an independent authority (e.g. Eurovent certification 
(see Ref. [5])) which are non-shedding and durable should be specified. 
— All AHU casework access points for pipework and electrical connections should be sealed. 
— Suitable AHU internal lighting for inspection and maintenance should be provided. 
— Ensure unrestricted access to all parts of the AHU and air supply equipment and in particular the air 
filtration for upstream servicing and downstream inspection. 
— Filter condition monitoring should be located at each filter installation, with the use of an analogue or 
digital gauge. Fluid type manometers should not be installed. 
5.2.1 Hygiene consideration of internally sited equipment 
Avoid the installation of air handling and air conditioning equipment within the food processing environment as 
much as possible. This principle includes ceiling mounted chillers and in some cases the use of fabric air 
distribution ducts. The risk of contamination from the food process and the subsequent need for cleaning of 
fabric duct systems should receive careful consideration at the design stage. 
Maintenance of any air handling equipment which involves access into a food process room will be of concern 
to the technical and hygiene personnel of the food manufacturer. 
All ductwork installed for supply, return and extract air should be of the smooth internal surface design, and 
manufactured from durable material to suit the application. Whenever possible avoid the use of flexible duct 
connections other than of a smooth internal surface design. Spiral wound ducts are not suitable for use in the 
food industry except for such as exhaust gas flues. 
5.3 Process space air movement / air exchange rate 
The quality of the air delivered to the food process room will be reduced by activities in the room and as a result 
of personnel movement, food process operations and cleaning. 
Air entering the room by way of grilles or fabric ducts should be directed to ensure effective air movement 
through the room. A close proximation of supply and extract points may prove ineffective in promoting efficient 
air movement in the room. Air extract points are usually at ceiling level or through the product transfer hatches. 
Avoid extract grilles above open product lines and preferably in areas of greatest activity such as a washing 
point or concentrated personnel movement. 
The room air exchange rate is required to continually refresh the room air, control any build-up of contamination 
and to promote temperature distribution in the room. A minimum air exchange rate of five per hour is suggested 
with ten air changes / hour the general rule for high hygiene (zone H) food process environments (see Table 1). 
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Ventilation systems should be designed to limit particle deposition inside ducts. Turbulent air flows may result 
in air movement towards walls, which may cause contamination of the wall surface. To reduce particle deposition, 
flow disturbances should be avoided. Protuberances like connectors are prohibited. The creation of secondary 
flows is also important in rectangular ducts due to corner vortices and in bends due to centrifugal forces leading 
to two large counter rotating vortices. It is recommended to install inspection hatches after disturbances and 
after bends.  
Among the several mechanisms leading to particle deposition, thermophoresis is important for small particles 
(diameter less than 4µm). To reduce this flow of particles towards cold walls, it is preferable to insulate ducts in 
plant/service rooms. 
5.4 Differential pressure for process space control 
A controlled environment for a food manufacturing process will require a positive differential pressure between 
the critical space or room and adjacent rooms, to prevent unprocessed air from entering the critical space. This 
differential is achieved with the introduction of (usually) outside air which is filtered and often chilled, and this 
air will exit the controlled space at the food product access hatches, usually the conveyor transfer points.  
Differential pressure, which is generated by the air handling system, is very low pressure and just a few pascals 
at best. There is a relationship between air movement through an opening in the room enclosure and the 
differential pressure between the rooms. Air velocity can be measured at the opening to indicate correct air 
movement. 
To minimise the air loss at the openings and thus the air volume required for the differential pressure, it is 
necessary to restrict openings to a minimum size. Energy saving is an important consideration in the food 
industry, especially if the air is chilled. 
It is critical that correct airflow exists at all times and it may be necessary to review access points in other parts 
of the factory such as raw material entry and despatch doors to eliminate the impact of adverse air movement. 
Environmental wind pressure can affect the critical room air quality, and an assessment of the operation of the 
factory process under all conditions is advisable. 
5.5 Humidity control 
Depending on the product sensitivity, it might be necessary to control the humidity in the food processing area 
(see also Table 1). Typically humidity is expressed as relative humidity, which is the ratio of the amount of water 
vapour present in the air compared to the greatest amount possible at the same temperature (% RH). In general, 
the humidity in a food manufacturing environment should be controlled below 55% RH, if a dry environment is 
required. In the case of hygroscopic products even lower levels of humidity may be required, or some operations 
like e.g. cheese maturation, may require humidity levels in excess of 95% RH. However this might be difficult to 
achieve in refrigerated manufacturing areas.  
As the capability of air to hold moisture decreases with decreasing temperature and hence the relative humidity 
increases, condensation may occur when air at elevated temperatures comes into contact with cold surfaces 
(as an example: chill rolls in rooms at ambient temperatures). To avoid humidity related risks, such as microbial 
issues (e.g. mold growth) or corrosion the air handling unit should be designed and manufactured accordingly 
to enable operations at the targeted relative humidity through measures like de-humidification (see Section 
5.8.12) or an adequate number of air changes. This might include different operation modes of the air handling 
unit during cleaning, if a considerable amount of water vapour is generated. For example limiting air recirculation 
through the AHU and extracting air directly to the external environment. 
From a hygiene standpoint low relative humidity levels usually do not cause problems. However, static electricity 
might be an issue and especially in packing areas, line efficiencies might be impacted due to poor run-ability of 
the packing materials used. In this case a humidification step (see Section 5.8.11) might be required. 
5.6 Temperature control 
Humidity control and room temperatures are linked in terms of moisture load in the air. Also, microbial growth 
can be controlled through the application of an appropriate temperature range. Depending upon the product 
sensitivity it might be necessary to manufacture and store food under chilled or freeze room conditions with 
temperature below 0°C. 
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Where there is a specific legal requirement for environmental workplace temperatures, these need to be 
followed or a derogation for lower temperatures obtained. In the absence of these, good practice is to control 
temperatures for chilled/cold rooms not to exceed 5-8°C. 
5.7 Hygiene considerations on return air systems 
Where a food process and / or packing generates dust and other particulates into the air, this dust is invariably 
drawn into the extract and return air ducts. To reduce the potential contamination risk the temptation is to install 
a filter at the ceiling extract grille or in a duct section in the ceiling void, and there are two notable drawbacks 
with this proposal namely; 
— Collected dust and food residues will be exposed to the food process space from high level and may 
agglomerate and be released back into the room resulting in a further hygiene issue and contamination 
risk. 
— An increase in filter pressure drop will reduce the extract air quantity. Exhaust filter systems invariably 
require regular maintenance to avoid a blocked filter condition. 
There is no easy solution to the problem of contamination within extract or return air ducts, however knowing 
that a contamination risk may be present will highlight that periodic maintenance is required. Access for 
inspection and cleaning of ducts is suggested as a first step. Food process room extract grilles can be viewed 
as an indicator of the room air condition, and if contamination is at an unacceptable level, then a review of the 
room generated dust level is suggested. It is good practice to reduce the level of dust generated into the space 
to a realistic minimum. This in turn may extend the duct cleaning intervals. 
5.8 System components 
All ductwork, plenums, component cabinets or enclosures including all entry points for drive shafts, service lines 
or sensors should be constructed to assure that no unfiltered air can enter the system unintendedly. Air handling 
unit components such as the fan and motor set, heating and cooling coils, filter frames, diffusers and dampers 
should be designed, manufactured and installed to ensure a long service life especially when operating in damp 
and dusty environments. All system components should be designed, manufactured and installed in a way that 
they do not present a source of contamination by themselves. Access for inspection, maintenance and cleaning 
is an essential part of the service programme, and the use of components which offer a high standard of 
engineering design and quality should be considered at the specification stage. The AHU casing and ductwork 
of the air handling system should be designed and installed to prevent corrosion and the accumulation of 
airborne dust and debris. Hence, hygienic design and manufacture of the AHU components and ductwork is 
considered critical to ensure the design performance of the total air supply system serving the food process 
environment. The use of hygienic and durable materials for the air handling components will ensure that the 
complete air movement installation will perform to specification for many years. Installation of all air handling 
equipment must be in accordance with the recognised standard for the food industry and reference to suitable 
documentation is listed in these guidelines. 
5.8.1 Unit housing 
Porous materials with open pores such as linings, insulating materials or seals in contact with the airflow are 
not permitted. 
In order to allow cleaning and disinfection, interior wall surfaces should be smooth and free of open absorption 
areas and insulating materials. Grooves and joints in the bottom of the AHU should be avoided, or should be 
sealed. Components should easily be accessible from the upstream and downstream sides; exceptions are 
described in the sections relating to individual components. 
Sufficient space should be available for maintenance. All components and fittings should be so arranged as to 
be easy to maintain. This in particular applies to components requiring frequent checking such as mist collectors 
and flow rectifiers downstream of air humidifiers and coolers. 
In order to ensure compliance with hygiene requirements, AHU housings with a clear height of 0.8 m or less 
should at least have easily removable service lids or, in the case of larger housings and central chambers, a 
sufficient number of service doors. Installing inspection windows (with a diameter of not less than 150 mm) plus 
internal lighting to facilitate visual inspection for checking the components is recommended. Such windows are 
mandatory for all humidifiers, as well as for fans and air filters with a clear housing height of 1.3 m or more. 
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The design of the housing, including all materials, as well as the precautions for corrosion protection, noise 
control, and fire protection should comply with the requirements of VDI 3803 Part 1. 
Central chambers with brick walls are admissible provided that the requirements of this guideline can be fulfilled. 
5.8.2 Outdoor-air inlet 
Outdoor-air inlets should be located to minimise any impact on the quality of the air taken in from local emission 
sources such as (vehicle) exhaust air, smoke gas, odorants, oven exhaust, process cooling equipment, and 
other polluting sources. Recirculation of exhausted air into the outdoor-air inlet should be avoided. The airflow 
around the building, wind and meteorological conditions and any planned neighbouring buildings should be 
taken into account. Generally the higher the point of air intake the less will be the heavy dust content in the air, 
thus increasing the service life of the prefilters. AHU equipment located outside the building requires an air entry 
weather louver, designed to minimise the ingress of moisture, dust and debris. 
The outdoor-air inlet should not be positioned close to and not in the main downwind direction from wet cooling 
towers because of the danger of contamination with micro-organisms. Additionally, for example radial heat 
accumulation or secondary contamination due to air flow conditions around the building need to be considered. 
Further details are given in EN 13779. 
Air ducts between the outdoor-air inlet and the air handling unit should be as short as possible. Ensure that it is 
possible to clean ducts, dampers and attenuators, and that any water which may have entered will drain, and 
provide for an inspection opening. Any drainage systems should not be connected directly to the municipal 
sewage system. 
5.8.3 Air ducts 
The following applies to all air ducts (including underground ducts): 
— Air ducts should be so designed and executed that unnecessarily long paths, aerodynamically 
unfavourable cross sections (e.g. square ducts should have a cross section ratio of height: width 1:2, no 
sharp edges, curving, etc.) and the addition of unwanted air of inferior quality are avoided. Depending on 
the hygiene zone category (see Table 1), the leakage class of air ducts as specified in EN 12237 should 
be selected as high as possible, depending on the requirements applying to the room and constructional 
conditions; this serves to avoid the escaping, taking in or overspill of air from contaminated adjacent 
rooms, the plenum space above suspended ceilings, etc. 
— Seams and other joints, stiffeners and other fittings should be so installed, and fixtures so provided, that 
deposits of contaminants are prevented and cleaning is possible. This implies, among other things, that 
o  stiffeners should be designed without sharp edges using round profiles, if possible, 
o  sharp-edged bends and transitions should be avoided, if possible, 
o any measuring instruments protruding into the airflow should be cleanable, 
o  tapping screws in the duct walls, sharp edges at duct openings and near inspection lids, which may 
all cause injuries to the maintenance personnel or damage to cleaning facilities, are to be avoided, 
o fixtures should be compatible with the selected cleaning method. 
— Hollow sections should be avoided or securely and durably sealed. 
— If there is the risk of cooling to below the dew point causing moisture to form in air ducts, thermal 
insulation is required. 
— Minimise the use of flexible air ducts without smooth inner surfaces, to decrease the possibility of the 
retention of contamination. When first installing flexible ducts, provide sufficient space (access) which may 
be required for disassembly and any internal cleaning. 
If air is led through cavity floors or false floors, the following applies in addition: 
— Prior to commissioning, any coarse contaminations such as residues of construction materials should be 
removed from cavities and plenums; careful vacuum-cleaning is required in addition. 
— The carryover or infiltration of dust or odorous substances of organic or inorganic origin into the cavity or 
plenum should be excluded. 
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— It should be ensured that the cavity or plenum remains dry while the ventilating and air-conditioning 
system is in operation. 
— Visual inspection immediately prior to sealing and a written documentation of the results are required. 
— Cavities and plenums always requiring increased inspection and cleaning effort. 
— In the food industry, air should not be transported through cavity floors and false floors. 
5.8.4 Air duct inspection points 
The arrangement and number of inspection openings may depend on the purpose for which the ventilating 
system was installed, the efficiency of the air filters and their location in the air handling system as well as the 
cleaning method to be applied. 
Therefore, select and document at the planning stage 
— the cleaning method for the ductwork, 
— the arrangement, type, and size of the inspection openings, 
— the positions and number of inspection openings, 
— or as an alternative to inspection openings, the removable duct section or component. 
If cleaning requires partial disassembly of the air duct system, the necessary work sequence and test stages 
should be described in detail by the system planner and should be agreed upon with the customer and the 
contractor. Duct systems intended for cleaning with steam or liquid should be specified as they should be water-
tight and should have water drainage. NOTE: This is usually duct installed for extraction with contamination 
issues. 
In the case of air ducts with additional insulation (such as thermal or fire-protection insulation) the design of the 
inspection openings should not impair the protective effect of the insulation. The insulation material should have 
sufficiently large openings for access to the inspection lids of the duct. 
If cleaning requires persons to enter the air duct through the inspection openings, the following conditions should 
be met: 
— The air duct and its fixtures should be assessed as sufficiently stable to carry an additional load. 
— Safe access to the inspection opening should be ensured, and suspended ceilings, cabling, piping and 
other building services should not block access. 
For dimensions see EN 12097. The arrangement of inspection openings, including their sizes, should be 
identified clearly in the air-duct drawings. These additional inspection openings should be provided for the 
following air handling arrangements to account for hygiene aspects: 
— outdoor-air inlets on one side 
— fire dampers on one side 
— ducted silencers on one side 
Where easy access by dismantling or removal is not possible, the following additional inspection openings 
should be provided: 
— heating/cooling bundles  on both sides 
— dampers  on both sides 
— baffle silencers with rectangular cross section  on both sides 
— heat recovery units  on both sides 
5.8.5 Air distribution by fabric or textile ducts 
Instead of delivering the air into the production space through rigid ducting and ventilation grilles, a textile duct 
distribution system may be considered. It is important to recognise that a textile duct system is part of the air 
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distribution system and not part of the filtration system. The air provided to the duct system should be filtered to 
a minimum with class F7 to EN 779, better F8, to ensure that the textile duct itself does not act as a filter or 
source of contamination. This will minimize contamination of the textile duct and also increase the usable life of 
the system between laundering. During design and planning of the air handling and supply system, air 
movement should be considered to avoid any conditions that may contaminate the outer surface of textile ducts 
(see Ref. [6], Section 14.2.4 and 14.5.4). 
Depending on the application, textile ducts can consist of different polymer yarns, such as Polyester or PVC 
yarn. Textile ducts are light and cleanable and can be an efficient method of air distribution through circular or 
‘D’ section or other specific geometry. Textile ducts typically distribute air more homogeneously throughout the 
room and increases human comfort due to low air velocity. 
Different types of diffusion can be realised: 
— Surface diffusion: Low air dispersion speed (0.1 to 0.8 m/s) through a surface of porous fabric and short 
air dispersion range (from 2 to 4 meters)  
Applications: Cooling, Air-conditioning and ventilating in food processing industries, laboratories and clean 
rooms.  
— Diffusion per dents : Medium to high air dispersion speed (2 to 12 m/s) through micro perforated bands 
and medium to long air dispersion range (from 3 to 8 meters) 
Applications: Heating, Cooling, Air-conditioning and air curtains in medium height premises, food 
processing industries, stores and public buildings, industries... 
— Diffusion per openings: High air dispersion speed (8 to 25 m/s) through calibrated holes and long air 
dispersion range from 8 to 30 meters 
Applications: Heating, Cooling, Air-conditioning and ventilating in height premises, food processing 
industries, supermarkets, industrial premises, stores and public buildings, airports... 
— Air transport: Hermetic fabric ducts, adapted for air transport in attics or any other premises 
Applications: Air transport from one point to another  
Textile ducts are compatible with several types of support systems. The choice of support system depends on 
several criteria (Diffusers’ shapes and cross-sections, building constraints, supply and fitting costs): 
— Cable suspension: A cable suspension system is only used for circular diffusers. It is the most economical 
solution in terms of supply and fitting times per meter.  
— Rail suspension: The rail can be used for circular or semi-circular diffusers. Only one rail is needed for 
textile ducts up to 1 m in diameter. 
— Profile suspension: This system is mainly used for diffusers with semi- and quarter-circular cross-sections. 
Using rods that act as links, the profile suspension system gives continuous, accurate guiding and 
provides the strength required for holding the ducting in shape. 
5.8.6 Exhaust-air outlet 
Any short-circuit between the exhaust air and the outdoor-air inlet should be avoided. This may be achieved by, 
e.g. 
— positioning the exhaust-air outlet above the roof and at a height greater than that of the inlet opening, 
— sufficiently large distances between air inlet and outlet openings and by blowing the exhaust-air flow away 
from the outdoor-air inlet opening at sufficient velocity. 
Proper air flow direction and the avoidance of short-circuiting can be proven by individual testing. 
The exhaust-air outlet should be designed to avoid any possible disturbance to the environment and to ensure 
the removal of exhaust air even under the influence of strong wind (e.g. by ejecting the air at high velocity). As 
for the outdoor-air inlet, consider the airflow around the building, the boundary layer of the building, roof systems, 
neighbouring buildings and unfavourable meteorological conditions. Ensure that any rain water entering the air 
outlet is drained. For further details see EN 13779, Annex A.2. 
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Figure 6: General guide to particle size distribution of common atmospheric contaminants 
5.8.7 Air filtration 
Outdoor air contains a wide range of dust particles, the majority of which are very small in size. Air also contains 
micro-organisms and gaseous contaminants which, in the case of food processing, should be controlled to a 
level determined by the risk to the product. 
Millions of particles per cubic metre of air are present in environmental air at any time, and the level of air 
filtration required is determined predominantly by the need to protect the product, although protection of the air 
handling and process equipment are very important considerations. A general guide to particle size distribution 
of common atmospheric contaminants is given in Figure 7. 
As a matter of principle, air filters and similar systems serving air cleaning should be selected and arranged so 
that the components of the ventilating, air-conditioning, and air-handling units remain protected from airborne 
contamination, and that the supply air quality will be maintained at all times. If gaseous contaminants have to 
be removed, gas-phase filters such as activated-carbon filters or other harmless mechanisms for separating 
gases might be used in addition to particulate air filters. Additionally, in the case of high dust concentrations 
(e.g. extract air from dust handling processes), dust collection equipment containing cleanable particle 
separation filters may be part of the air supply system. 
    
Pocket filter Rigid fine filter HEPA filters 
Figure 7: Typical design examples of air filters 
As a matter of principle, only such air filters should be used for air filtration in ventilating and air-conditioning 
systems and in air-handling units, which have been tested and classified in accordance with EN 779 or EN 1822, 
and which are labelled individually. Only high quality medium (M5/M6) and fine (F7 – F9) filters should be chosen, 
certified by a third-party like e.g. Eurovent Certification or similar. Typical design examples of air filters are 
illustrated in Figure 8. Where other types of air filters (such as electrostatic precipitators or activated-carbon 
filters) are used, these should comply with the requirements of this guideline analogously. The basic principles 
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of air filtration and typical design examples of air filters used for air filtration in ventilating and air-conditioning 
systems and in air-handling units are given in Ref. [7]. 
Prefilters should be located as close as possible to the air intake of the AHU and be of the extended surface 
design with a minimum efficiency of M5 to EN 779. It is good practice to select the highest practical level of air 
filtration for the prefilter, to maintain clean and hygienic conditions within all AHU sections, and to maximise the 
life of the secondary filters in case these be required. 
In zone M, the installation of two filter stages, and in zone H, the installation of three filter stages for filtering the 
outdoor air is recommended. The use of air filters of higher classes is recommended for hygiene reasons, in 
order to minimise the carryover of all airborne contaminants into the ventilating and air-conditioning system. On 
the other hand filters of higher efficiency generally consume more energy. Hence, filter selection is an 
optimisation process to find the required filtration efficiency to meet the hygiene requirements based on a risk 
analyses at the lowest possible energy consumption. Details for the filter selection depending on the hygiene 
zone are given in Table 1. EN 13779 and VDI 6022 give a general guide to identify initial requirements and for 
the corresponding filter selection. 
Note the arrangement of the air filter stages and ensure that one filter stage is located downstream of the fan if 
a fan with drive belt is installed (an exception being made for flatbelt drives). 
The efficiency of air filters strongly depends on the particle size. Figure 9 shows typical examples of fractional 
efficiency curves of filters with different classes to EN 779 and EN 1822, respectively. While the efficiency is 
increasing with decreasing particle size for small particles (< 0.1 µm) and is increasing with increasing particle 
size for large particles (> 0.3 µm), typical air filters show an efficiency minimum at a particle size which is referred 
to as Most Penetrating Particle Size (MPPS). Typically, yeast, molds and bacteria are > 1 µm. Table 2 describes 
the filter classification to EN 779 and EN 1822 and gives examples of typical areas of application for the different 
filter groups and classes. Table 3 gives an additional guide to filter classes in terms of particle size retention. 
 
Figure 8: Typical examples of fractional efficiency curves of filters with different classes to EN 779 and 
EN 1822, respectively. Data are shown for unloaded filters when new (efficiency increases as filters 
become loaded with dust during operation). 
Despite the general acceptance of EN 779, there are some weaknesses in the test methods it uses. One major 
disadvantage of these filter test methods is that they evaluate the performance of fine filters for 0.4 µm particles 
only and allow no conclusions to be drawn about the effectiveness of a filter with respect to other particle sizes. 
With the globalization of filter test standards, a new rating methodology is being developed with the drafting of 
ISO 16890 for coarse and fine dust filters, which should in future include a particle size range of between 0.3 
and 10 µm. This will make it possible to make much more practical statements regarding the filtration efficiency 
of filters for the fine dust classes PM10, PM2.5 and PM1. 
With the publication of this new ISO standard, the US-American standard ASHRAE 52.2 (Reference [8]) will in 
all likelihood also be replaced in a few years. In the USA, this standard classifies coarse and fine dust filters 
using MERV (Minimum Efficiency Reporting Values) ratings as shown in Table 4. Due to the fact, that both 
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classification systems, namely the European to as per EN 779 and the US to as per ASHRAE 52.2, are based 
on fundamentally different methodologies, a direct comparison or relation between the two classification 
systems is in general impossible. Published comparison tables should be treated with reservations. Similar to 
the drafted ISO 16890 standard, the particle size range from 0.3 to 10 µm is considered for the MERV rating to 
as per ASHRAE 52.2. 
Table 2: Air filter classification cross reference chart (European classification) 
General filter type Testing and classification 
standard 
Filter test type and application to the food 
industry 
First filter stage to 
collect coarse dust 
(larger than PM10 fine 
dust fraction) 
EN 779 Arrestance Am % Average mass of synthetic test dust (ASHRAE 
dust) retained in the filter as percentage of mass 
of dust fed to the filter. 
Not recommended as a single filter stage for 
food manufacturing. 
G1 Am < 65 
G2 65 ≤ Am < 80 
G3 80 ≤ Am < 90 
G4 90 ≤ Am 
Medium fine filters 
used as first stage 
depending on product 
risk (typically 60-80% 
to PM10) 
EN 779 Efficiency Em to 
0.4 µm % 
Average fractional collection efficiency to 0.4 µm 
particles of a liquid test aerosol (mostly DEHS). 
Used as single stage or first filter stage for 
general, less critical food processing areas 
(Zone B). 
M5 40 ≤ Em < 60 
M6 60 ≤ Em < 80 
Fine filters used as 
secondary stage 
(typically ≥ 60% to 
PM1 fine dust) 
EN 779 Efficiency Em to 
0.4 µm % 
Minimum 
Efficiency 
0.4 µm % 
More efficient filters, offering a 
minimum efficiency level. 
F7 80 ≤ Em < 90 ≥ 35 Used as secondary stage in 
Zone M or to protect EPA/HEPA 
type filters in Zone H. 
F8 90 ≤ Em < 95 ≥ 55 
F9 95 ≤ Em ≥ 70 
EPA and HEPA type 
filters for specific 
particulate control 
EN 1822 Minimum MPPS % Initial efficiency to synthetic test aerosol at Most 
Penetrating Particle Size (MPPS). MPPS mostly 
is between 0.1 – 0.3 µm. Approaching 100% 
retention of particles > 0.5 µm. 
E10 ≥ 85 
E11 ≥ 95 
E12 ≥ 99,5 
H13 ≥ 99,95 HEPA classes H13/H14 require individual 
leakage testing by manufacturer. 
Filters installed for high hygiene and aseptic / 
low-germ food applications. 
H14 ≥ 99,995 
Ultra Low Penetration 
Air (ULPA) filters 
EN 1822 Minimum MPPS % Filters used in high-demanding applications 
outside the food industry, e.g. micro-electronic 
facilities. 
U15 ≥ 99,9995 
U16 ≥ 99,99995 
U17 ≥ 99,999995 
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Table 3: Guide to filter grades 
Approaching 100% 
retention of particles 
of size 
General air filter description Filter class selection 
> 10 µm Primary filters G4 – M5 
> 5 µm Secondary filters M6 – F7 
> 2 µm Secondary filters F8 – F9 
> 0.5 µm Efficient Particulate Air (EPA) filters E11 
> 0.3 µm High Efficiency Particulate Air (HEPA) filters H13 
 
Table 4: Air filter classification according to ASHRAE 52.2 
MERV 
Composite Average Particle Size Efficiency,% 
in Size Range, μm Average 
arrestance Am 
(gravimetric) in % Range 1 
0,3 – 1 µm 
Range 2 
1 – 3 µm 
Range 3 
3 – 10 µm 
1 — — E3 < 20 Am < 65 
2 — — E3 < 20 65 ≤ Am < 70 
3 — — E3 < 20 70 ≤ Am < 75 
4 — — E3 < 20 75 ≤ Am 
5 — — 20 ≤ E3 < 35 — 
6 — — 35 ≤ E3 < 50 — 
7 — — 50 ≤ E3 < 70 — 
8 — — 70 ≤ E3 — 
9 — E2 < 50 85 ≤ E3 — 
10 — 50 ≤ E2 < 65 85 ≤ E3 — 
11 — 65 ≤ E2 < 80 85 ≤ E3 — 
12 — 80 ≤ E2 90 ≤ E3 — 
13 E1 < 75 90 ≤ E2 90 ≤ E3 — 
14 75 ≤ E1 < 85 90 ≤ E2 90 ≤ E3 — 
15 85 ≤ E1 < 95 90 ≤ E2 90 ≤ E3 — 
16 95 ≤ E1 95 ≤ E2 95 ≤ E3 — 
 
Due to the different regional and national air filter standards and classifications systems, the technical committee 
142 of the International Standardisation Organisation (ISO/TC142) is currently working on globally harmonized 
standards for air filtration applications. As a first result, a new Standard ISO 29463 for EPA, HEPA and ULPA 
filters has been published in 2011 (Ref. [18]). The classification is widely based on EN 1822, but adding 
additional classes as shown in the Table 5 below. 
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Filters with pockets installed incorrectly Correct filter design and installation 
Figure 10: Filters with pockets installed incorrectly and correct filter design and installation 
 
Table 5: Classification of EPA, HEPA and ULPA filters according to ISO 29463 
Group Filter class to Integral value Local limit value for leak definition 
EN 
1822 
ISO 
29463 
Efficiency at 
MPPS (%) 
Penetration at 
MPPS (%) 
Efficiency at 
MPPS (%) 
Penetration at 
MPPS (%) 
E 
(EPA) 
E10 --- ≥ 85 ≤ 15 --- --- 
E11 ISO 15 E ≥ 95 ≤ 5 --- --- 
--- ISO 20 E ≥ 99 ≤ 1 --- --- 
E12 ISO 25 E ≥ 99,5 ≤ 0,5 --- --- 
--- ISO 30 E ≥ 99,9 ≤ 0,1 --- --- 
H 
(HEPA) 
H13 ISO 35 H ≥ 99,95 ≤ 0,05 ≥ 99,75 ≤ 0,25 
--- ISO 40 H ≥ 99,99 ≤ 0,01 ≥ 99,95 ≤ 0,05 
H14 ISO 45 H ≥ 99,995 ≤ 0,005 ≥ 99,975 ≤ 0,025 
U 
(ULPA) 
--- ISO 50 U ≥ 99,999 ≤ 0,001 ≥ 99,995 ≤ 0,005 
U15 ISO 55 U ≥ 99,9995 ≤ 0,0005 ≥ 99,9975 ≤ 0,0025 
--- ISO 60 U ≥ 99,9999 ≤ 0,0001 ≥ 99,9995 ≤ 0,0005 
U16 ISO 65 U ≥ 99,99995  ≤ 0,00005 ≥ 99,99975 ≤ 0,00025 
--- ISO 70 U ≥ 99,99999  ≤ 0,00001 ≥ 99,9999 ≤ 0,0001 
U17 ISO 75 U ≥ 99,999995 ≤ 0,000005 ≥ 99,9999 ≤ 0,0001 
 
Air handling units, air filters and air filter stages have to be designed to minimize the carryover of micro-
organisms or inorganic and organic dusts to downstream components or into the space to which air is supplied, 
during operation or any maintenance activity such as filter installation, inspection or change. On no account 
should the contamination level be increased by the use of air handling systems or system components. It should 
be ensured that the filters themselves do not become a source of harmful or odorous substances, especially 
due to micro-organisms in the supply air or due to fibre shedding. Microbial growth on air filters can be prevented 
or minimised by, for example, limiting the relative humidity of the supply air and by proper operation and 
maintenance of the filter stages. Hence, the use of filters with an additional antimicrobial or biostatic treatment 
or impregnation is not necessary and therefore not advisable. Nevertheless, filters should be designed of 
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materials which are inert to the growth of fungi and bacteria, which means no nutritious substances for the 
growth of fungi (method A to ISO 846) or bacteria (method C to ISO 846) should be used. 
The following requirements are recommended for the design and manufacture of air filters: 
— Closed-cell seals should be used. Ensure that the filter gasket remains in-tact throughout the filters’ 
lifetime. 
— After manufacture, no residues which can be released into the ventilating and air-conditioning system 
during operation should remain on the air filter. 
— Design and construction of the air filters and filter frames should allow for easy and safe assembly without 
damage and to ensure a secure seal of the air filters in their frames over the entire life cycle of the air 
filters. Hollow frame constructions should be avoided.  
— Air filter materials and the filter design should withstand the mechanical stresses during all stages of 
operation of the ventilating and air-conditioning system. Especially, an air-tight and firm connection 
between the filter medium (filter pockets or pleat pack(s)) and the filter (front) frame should be ensured. 
The filter design should not allow larger movement of the filter medium in a turbulent flow regime and 
during start-up or shutdown of the unit as this may increase the risk of particle re-entrainment to the 
downstream, clean air parts of the air handling unit. Hence, rigid filter designs are preferable. 
— Security of installation, sealing and operating performance should not be affected even under the impact 
of humidity. 
— The filter material should be free of damage. Following manufacture of the air filters and prior to shipment, 
quality control or testing of the filters, at least batch-wise, is required. 
— Changing air filters should be possible from the upstream (dust-laden) side. Side-Access filter service is 
permissible, but not recommended. 
— Filter chambers should be so designed to allow good and easy access for cleaning and visual inspection 
of the air filters at any time. In case of AHU access heights of 1,6 m or more, this applies to both 
(contaminated-air and clean-air) sides; in this case an additional door should be arranged on the clean-air 
side. 
— Filters should not lie flat on the floor of the chamber. Pocket filters should always be installed with the 
pockets in a vertical position and be designed in a way that any contact with the floor is avoided even 
when the AHU is shut-down. The effect of loose filter design or incorrect orientation of the filters is 
illustrated with the two photographs on the left side of Figure 10, while the photograph on the right shows 
correct filter design and installation. Conditions as shown on the left side of Figure 10 have to be avoided 
under all circumstances. 
— For central units, the following data should be permanently marked on the outside of the air-filter chamber: 
o  nominal air volume flow of the system, not the value given by the filter manufacturer 
o number of air filters installed at the respective filter stage 
o filter class to EN 779 or EN 1822 and energy consumption or energy class (as provided by the 
manufacturer) 
o dimensions (height × width x length) 
o  final pressure drop recommended by the system designer or installer on the basis of the fan 
characteristics’ design performance 
— For decentralised units and terminal devices, these data should be documented in the operations log or 
another appropriate place. 
— Irrespective of the existence of further monitoring devices, each filter stage of a ventilating and air-
conditioning system or air-handling unit should be equipped with a differential-pressure gauge having an 
appropriate working range, for monitoring the current pressure loss over the air filter. The measuring 
display should be easy to read. 
— Filter mounting frames need to be properly sealed to each other and to the unit housing. 
The following data should be recorded for each filter change and for each routine check on a card supplied by 
the filter installer, which is affixed to the filter chamber (Recording the data in the maintenance record only does 
not suffice.): 
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— filter change – date, initial, new filter pressure drop reading, latest time of next filter hygiene inspection 
and/or filter change, name of person performing the change 
— routine check – date, pressure gauge or differential pressure gauge, zero position checked – differential 
pressure reading, name of person performing the check 
5.8.8 Continuous anti-microbial treatments 
In general, air filtration is an effective measure to reduce the concentration of airborne micro-organisms in the 
air stream and with the use of HEPA filters, can approach a sterile supply air. In some rare cases of very 
sensitive areas in the food industry, it might be necessary to add further active air treatment to the air filtration 
stages. 
A method of active reduction of micro-organism in the air stream might be the application of Ultraviolet germicidal 
irradiation (UVGI), which is a disinfection method that uses short-wavelength ultraviolet (UV-C) light to kill or 
inactivate microorganisms by destroying nucleic acids and disrupting their DNA, leaving them unable to perform 
vital cellular functions. As UV-C light is absorbed in air over rather short distance, the air stream has to be 
guided very closely to the UV-C light source. In commercial available UV-C systems, typically, long tubes with 
a UV-C light source in the centre are installed into the air duct, where the air is guided through in longitudinal 
direction. Further guidance on the application of UVGI to air handling systems is given in chapter 17 of the 2012 
ASHRAE Handbook (see Ref. [11]) and for safety information, please refer to ISO 15858 [12]. 
5.8.9 Fan 
With regard to energy efficient operation, only fans and ventilators should be used, which are compliant with the 
Ecodesign directive 2009/125/EC (ErP = Energy related Products) of the European Commission and its 
regulation for fans 327/2011/EC. Most optimal is the use of variable speed drives, which allow the adjustment 
of the supplied air volume flow rate to the actual requirements and the operating conditions of the air handling 
unit, e.g. the actual filters pressure drop. This allows the optimal balance of the air inlet and outlet flow rates. 
The use of belt driven fans should be avoided with regard to energy efficiency. 
It is suggested that fans and fan drives be installed, which are unlikely to impair the air quality through belt 
abrasion. Due to the overall system duty requirements, the use of belt-driven fans may be unavoidable, and 
hence, a filter stage should be installed in the airflow downstream of supply-air fans with belt drives. Water 
ingress to the fan housing should be prevented. Fans should be accessible for maintenance. 
Direct drive free-wheel impellers or plug fans without housings are recommended for radial fans being easy to 
clean. For cleaning purposes, radial fans with housings should have a water drain which can be sealed; 
otherwise easy removal of the overall unit should be possible. In the case of nominal impeller diameters of 400 
mm or more, the fan housing should have an easily removable inspection lid. 
Typical fan materials are mild steel powder coated unless exposed to corrosive atmosphere; in this case 
stainless steel is recommended. 
5.8.10 Silencers 
If possible, do not locate silencers in ducts subjected to unfiltered outdoor air. Preferably place silencers behind 
the prefilters. Silencers should preferably be installed inside the air-handling unit. Silencers should not be 
located where there is a possibility of direct water ingress, such as rain or mist. 
See Section 5.8.4 regarding the arrangement of inspection openings. Silencers should not be installed directly 
downstream of coolers with dehumidifiers or heat recovery units with dehumidifiers. 
Silencers should be designed to be replaceable. The sound-absorbent components should be either covered 
by a material that is permanently abrasion resistant, withstands the effects of cleaning and is harmless to human 
health, or alternatively, the sound-absorbent components may be manufactured of permanently abrasion-
resistant material to withstand the effects of cleaning. 
The ventilating and air-conditioning system should not be commissioned unless the silencers are undamaged 
and acceptable. 
 DOC No. 47 ©EHEDG  33 of 55 
5.8.11 Humidifiers 
Air humidification equipment can be a source of microbial growth, deposits and corrosion. Therefore, only such 
materials may be used which do not promote microbial growth and which are permanently resistant to corrosion. 
Air-humidifying components should be easily accessible. In particular, they should be so designed that all parts 
handling water or being exposed to water can be inspected, checked and cleaned as required. Humidifiers 
should not be installed immediately upstream of filters or silencers. Cooling below the dew point and the 
carryover of water into the air filter or silencer should be avoided at all times. 
An inspection opening (with a diameter of not less than 150 mm) and inspection lighting of the humidifier 
chamber should be provided. A means for darkening the inspection opening should be available except in the 
case of steam humidifiers. No external light should enter through the housing of the lighting as it might precipitate 
the growth of organic matter. It should be possible to see if the light is on or off from outside. 
The water supplied to the humidifier should comply with the microbiological requirements of the WHO guidelines 
for drinking-water quality (Ref. [9]) or the national Drinking-Water Ordinance, whichever is stricter. Any back-
flow to the drinking-water mains should be excluded. For protection against pollution of potable water 
installations and general requirements of devices to prevent pollution by backflow see Ref. [2]. 
An increase in the number of CFUs beyond the parameters as per Table 6 should be avoided by means of, for 
example, hygienic design, periodic cleaning and/or appropriate disinfection facilities. 
Table 6: Hygiene parameter humidifiers (see VDI 6022) 
Parameter Recirculation water in air humidifiers 
Total number of CFU < 1000 CFU/ml 
Legionella spp. < 100 CFU/100 ml 
CFU = Colony-Forming Units 
 
Only such methods and materials may be used for disinfecting the supply and recirculation water of the 
humidifier, whose effectiveness has been demonstrated in practical tests and whose harmlessness has been 
proven. Furthermore, no residues of disinfectants should be detectable in the supply air. Also give consideration 
to the environmental compatibility of the disinfection methods used. For safety reasons, all humidifiers should 
be equipped with a condensate tray sloping towards the drain on all sides and having a siphon arrangement 
with trap. Drainage systems should not be connected directly to the municipal sewage system. 
In case of shutdown or failure of the ventilating and air-conditioning system, the humidifier should be switched 
off automatically. 
Air humidifiers operating with recirculation water should be equipped with a system for desalinating the 
recirculation water. Water reservoirs (water tanks, water trays, etc., including piping) should be so designed that 
complete emptying and drying of the reservoirs, trays or vessels is possible at any time by simple control 
activities. Mist collectors and rectifiers should be easy to disassemble for cleaning purposes. 
Air humidifiers operating without recirculation water should be so designed and operated that no aerosol can 
enter the air ducting. To avoid the formation of condensate in downstream air duct sections, the humidifier line 
should be sufficiently long, and homogeneous distribution of the humidity over the airway cross section should 
be ensured. 
5.8.12 Dehumidifiers 
Dehumidification is typically achieved by a thermodynamic air treatment in a sequence of cooling the air stream, 
condensation of humidity and reheating of the air stream. Depending on the underlying working principle for 
dehumidification, the requirements specified in Section 5.8.13 and/or Section 5.8.14 apply. Solid or liquid 
adsorbents should not be used for dehumidification in the food industry. 
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5.8.13 Heat exchanger 
Heat exchangers should be designed and manufactured to ensure a long, corrosion free, service life . The 
design should offer effective cleaning and disinfection, if necessary. The following requirements are a detail of 
the design: 
— Surfaces in contact with the air should be smooth and corrosion-resistant. 
— Upstream air filtration is required to minimise contamination on the extended heating surface and 
minimise cleaning intervals (see section 5.8.7). 
— The lamella or fin spacing should be designed to avoid dust accumulation and allow easy cleaning. 
However, the heat transfer requirements will determine heater design 
— Heat exchanger duct design should allow sufficient access from both sides for visual inspection, for any 
sampling required and for cleaning. Extraction of the heat exchanger as a unit should be provided. 
— Depending on the lamella spacing and the air cleanliness, the internal depth as measured along the 
direction of the air flow should be limited to such an extent that thorough cleaning using commercially 
available tools and equipment is still effective. The heat exchanger should be of split design, if necessary. 
The following additional requirements apply to air coolers with dehumidifiers: 
— A condensate tray, sloping sufficiently on all sides towards a water drain with anti-siphon, preferably with 
trap, should be provided at low level. Any drainage systems should not be connected directly to the 
municipal sewage system. 
— The condensate tray should be made of corrosion resistant material, such as steel 1.4301. 
— The condensate tray should be easily accessible for cleaning and disinfection. 
— The construction should ensure that the tray empties itself completely during standstills, allowing any 
residual water adhering through surface tension to dry off by “dry-blowing” the system. 
— Prevent the entrainment of droplets by the airflow (e.g. by keeping airflow velocities low); if necessary, 
provide mist eliminators. 
— Any mist eliminator should be accessible for checking and effective cleaning, and should allow for 
extraction or a similarly convenient method of disassembly. 
Air heaters with a gaseous heating medium (such as smoke gas) require particular attention to be paid to the 
tightness of the separating surface. Construction and manufacture should exclude any carryover of, e.g., smoke 
gas into the supply air. 
5.8.14 Heat recovery 
The heat exchangers in heat recovery systems should comply with the requirements of Section 5.8.13. 
Heat recovery units in which the carryover of harmful and/or odorous substances from the extract air cannot be 
prevented by means of other measures may only be used where the use of recirculation air would be possible 
from the point of view of hygiene. If necessary, special arrangements may be applied on the basis of a hygiene 
survey, provided that the transfer of particles from the extract-air flow to the outdoor-air flow does not exceed 
1:1000 and, in the case of odorous substances from industrial and production facilities, the concentration of 
substances transferred is less than 20 % of the odour threshold concentration. Where air-to-air heat recovery 
is used, observe EN 13779, Annex A.4 regarding air tightness and pressure ratios. 
5.8.15 Recooling plants 
For hygiene reasons, open recooling plants (where cooling is effected by spraying water in the airflow) as well 
as closed recooling plants (where the tube bundles of a closed cooling circuit are sprinkled with water) require 
particular attention during planning and execution as micro-organisms (such as legionellae and algae) multiply 
rapidly in the recirculating water. 
Therefore, the following precautions when planning, manufacturing, and installing recooling plants should be 
undertaken: 
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— Position them in such a way as to prevent the aerosols released from entering the inlet openings of 
ventilating and air-conditioning systems or entering occupied areas through open windows. 
— Use effective mist collectors. 
— Provide sufficient space for maintenance and cleaning work. 
— Thickening of the recirculation water should be limited by means of appropriate means such as 
desalination systems. 
— A fresh-water connection close to the plant is required for cleaning purposes. 
— At the lowest point of the collection tray, drainage allowing complete emptying should be provided. The 
piping and connection to the tray should be designed to be as simple as possible in order to allow easy 
rinsing and cleaning. 
— Provide an inlet sieve or an installed, easily cleanable filter to protect the water circulation pump. 
— Install a coarse mesh filter to avoid the ingress of coarse airborne contamination. 
— The tray and fittings should be easily accessible for maintenance. 
— Limit deposits in the recooling plant (depending on the water quality by, e.g., conditioning the supply water 
or by treating the recirculating water. Observe the specifications of VDI 3803.) 
— When selecting the materials and specifying the surface conditions of the recooling plant and its fittings, 
give consideration to easy cleaning and disinfection. 
— Any packing elements installed should be removable. 
— The water quality should comply with national legal requirements for drinking water as appropriate. 
Further guidance is given in VDI 2047 Part 2 (see Ref. [10]) and EHEDG Document 24. 
5.9 Testing, commissioning and validation and qualification 
EHEDG document 34 gives general recommendations on validation and qualifications with regard to the 
integration of components into a hygienic concept and is also applicable to air handling. 
6 Upgrading of existing systems 
Following an assessment of the additional performance required and prior to a decision on the level of upgrading 
considered necessary, it is good practise to determine in some detail the condition and suitability for upgrading 
of the present air handling system. The AHU is part of the air movement system and changes to the AHU may 
not only result in the required system performance being realised. 
Existing systems may not comply with some or all of the requirements laid down in this guideline. 
Typical issues are: 
— Corrosion of metal surfaces internally. 
— Inadequate selection, design, or installation of filters 
— Incorrect layout of AHU components, especially the cooling equipment and the final filtration. 
— Inclusion of voids, channels and ‘dead’ zones within the AHU casing. 
— No appropriate access for inspection and maintenance. 
Often air handling units are designed for handling the maximum air volume per unit cross section resulting in 
increased maintenance efforts and early malfunctions of filters and drives. 
Fluid type manometers to monitor filter condition and to control air volume are not suitable for the food industry 
as the fluid, which is not considered to be food safe, might come into contact with the supply air and can be 
drawn into the ducted air as an aerosol. Evaporation of the fluid also results in inaccurate readings of filter 
condition. Therefore, all fluid type manometers should be replaced by diaphragm gauges. 
It is therefore recommended to conduct a risk assessment for existing systems in order to determine whether 
an upgrade is needed or if intense air monitoring is acceptable to manage the risk. 
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The risk assessment should include 
— Evaluation of historical data in relation to air monitoring 
— Consumer complaint data associated with airborne contamination 
— Product susceptibility (sensitivity to airborne contamination) 
— Comfort and safety of employees 
Before upgrading systems a gap analysis should be done to review the current performance, which includes 
assessment of air volume, air filtration efficiency, room temperature control and the location of the AHU 
equipment. Based on this gap analysis the necessary measures for a system upgrade should be implemented. 
7 Requirements regarding operation, system monitoring and maintenance 
7.1 General guidance 
Air handling systems are a critical part of the quality control for many food processing operations. The air 
handling system is designed to operate with the minimum amount of attention. However, it is necessary to 
inspect the equipment, preferably on a monthly basis. A minimum of two items of equipment will require attention 
namely the filters and the fan/motor drive mechanism assuming a belt driven fan is installed. The introduction 
of direct drive fan and motor sets has reduced this maintenance requirement; however the majority of AHU 
drives remain indirect. 
The main operating features of an AHU are as follows: 
— Pre filtration as a first air cleaning operation. 
— Heating of air in winter for some installations. 
— Humidification for some installations with humidity control. 
— Cooling of air to suit food technical requirements. 
— Fan and motor set for air volume supply, air extract and air exchange rate. 
— Secondary or tertiary filtration as the final item within the AHU. 
The operating controls for the AHU will typically manage the following functions; 
— Start-up and shut-down of the air handling system 
— Maintain air supply volume with duct pressure sensor. 
— Process space air temperature control. 
— Frost protection. 
— Modulation of supply and extract air during room cleaning cycle. 
A periodic check of the function of the AHU operations should be completed by qualified personnel. 
7.2 Hygiene controls 
The aim of hygiene controls is an early detection of hygiene deficiencies by means of frequent visual inspection, 
testing and/or monitoring and implementation and documentation of required corrective actions. The table given 
in Annex A lists the type and scope of checking activities to be performed, any required measures for remedying 
hygiene deficiencies established and the intervals within which the pertinent hygiene checks are to be performed. 
In the case of buildings with more than 20 decentralised units and/or terminal devices of identical type and 
identical operation, hygiene checks should be performed using a representative random sample of units (taking 
into account, e.g., the use, units of rooms, and the orientation of the building). If hygiene checks yield critical 
results in more than one case, all units or terminal devices should undergo thorough cleaning or disinfection, or 
the hygiene checks should be extended to include all air-handling units, until a cleaning frequency has been 
established. 
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Hygiene controls include the following activities: 
— Visual inspection of the ventilating and air-conditioning system for hygiene deficiencies such as 
contamination, corrosion, lime scale, and damage. The visual inspections to be carried out periodically by 
the maintenance personnel serve for early detection and remedying of these deficiencies. Visible 
microbial growth is a critical result. Where there is reason to suspect microbial growth in system 
components, surface samples should be taken in order to determine the number of CFUs (see Section 8). 
— Microbiological monitoring of the total number of CFUs in the recirculating water of air humidifier systems 
and in the recirculating water of recooling plants. 
— Documentation: All hygiene controls should be documented, and should be archived at the 
owner/operator’s. If any result is out of standard, a hygiene specialist (or different specialist having an 
equivalent education) and further specialised personnel, if necessary, should be consulted, and the 
personnel/occupants or those representing their interests (such as the company physician) should be 
involved. Trend analyses are recommended. 
7.3 Components 
The majority of air handling system components are fixed (static) installations, however fan and drive equipment, 
motors and volume control dampers require periodic inspection and service. The fan assembly may be fitted 
with a vibration monitor, however inspection should be considered at suitable intervals and at least four times 
per year. Equipment manufacturers may specify a maintenance schedule.  
All AHU and ductwork components benefit from a high degree of air filtration which will prevent the 
contamination of the static and moving parts of the system, thus reducing the need for maintenance work 
associated with this type of equipment. For instance dust on fan blades can result in loss of performance, 
vibration and premature bearing and AVM (anti-vibration mounting) failure. The performance of the system will 
also be maintained if a clean air supply system is operated. 
The sanitation of air handling components can be costly and time consuming with the associated disruption to 
production. There is also the ever present possibility of contamination entering the air supply following 
intervention of this type although this may be subject to AHU component layout. 
An example of a detailed checklist and recommendations for time intervals is given in Annex A. The execution 
of the activities and their results should be documented in an appropriate form. Explanatory information 
concerning the individual activities is given below. 
7.3.1 Outdoor-air inlets 
Air intake louvers with a mesh screen are generally installed at either the AHU air intake or, in the case of a 
number of AHUs located in a ceiling void, within the building design. Periodic checks for the ingress of moisture 
and large debris should be completed as determined by the environmental conditions. Rusting and the 
accumulation of debris associated with the external environment should be controlled and if necessary an 
upgrade of the primary air filtration considered, which should be located as close to and downstream of the air 
intake fixture. A blocked or partially blocked air intake section can dramatically reduce the performance of the 
air handling system. 
Outdoor-air inlets should be inspected as part of a hygiene inspection in accordance with Annex A. This includes 
checking for contamination, damage and corrosion, as well as the vicinity for e.g. new emission sources. 
7.3.2 Air ducts 
A yearly maintenance of air ducts should include a visual inspection and hygiene sample of representative 
locations (to be specified during the initial inspection) of the ducting for damage and, in the air-handling region, 
for contamination, corrosion, lime scale and water precipitation. The system should at least be swept clean. 
Permanent precipitation of humidity should not occur. Visibly contaminated duct sections should be cleaned. 
Whenever possible the use of flexible duct connections other than smooth internal surface design should be 
avoided; however, in the case that flexible ducts with rough surfaces are used, they should be regularly 
inspected and replaced if strongly contaminated. 
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Return air ducts may be subject to contamination which is often the result of airborne process particles. If this 
issue has been identified then a cleaning regime should be in place. Control of the space airborne contamination 
should be implemented if the dust level in the ductwork is considered excessive. 
Duct mounted volume control and fire dampers should be checked for correct operation on a yearly basis. 
7.3.3 Textile air distribution ducts 
The degree of maintenance, generally the laundering cycle required, will be determined by the operating 
environment and the food process. Technical personnel may request fabric duct cleaning to a fixed time 
schedule. A minimum air filtration of class F7 to EN 779, preferable F8, is required to ensure that the fabric 
ducts remain internally clean and free from bacterial growth. Under certain operating conditions also the outer 
surface of textile ducts may be contaminated due to air movement, especially in rooms with low ceiling height 
(see Ref. [6], Section 14.2.4 and 14.5.4). 
The requirement for regular cleaning, which could be up to four times per year, will prove disruptive and time 
consuming for the food process operations and there are a number of points to consider when laundering is 
required. 
— Use of access equipment which is safe and hygienic for the food process environment. 
— Confirmation of a suitable laundering process to ensure hygiene standards. 
— Use of suitably qualified personnel to complete the work. 
Not all food process environments benefit from the use of fabric air systems. 
7.3.4 Air filters 
Air filters are the critical factor in the maintenance of clean and hygienic conditions within air handling systems. 
It is an established fact that it is cost effective to install and service good quality air filtration with the use of at 
least two filter stages, where mechanical equipment performance, hygienic standards and décor protection are 
important.  
Filter life is the result of a number of factors listed as follows, 
— Dust loading in the air. 
— Air volume as a percentage of the rated airflow of the filter. 
— Filter design. 
— Filter efficiency. 
— Filter media area. 
Air filters should be examined periodically to ensure the filter performance is maintained. Check for filter 
degradation, air seal between filters and frame, filter frame condition (damage or corrosion), and in the case of 
pocket filters any failure of the filter media. Always install new filters with a new seal. 
Note the filter pressure drop against a known air volume at intervals conducive with the operating conditions. A 
diaphragm differential pressure gauge should be installed for all air filter installations. Fluid type gauges should 
not be installed. Record the monthly pressure drop readings and be aware of the recommended final pressure 
drop, at which filters should be changed the latest (should be permanently marked on the outside of the air-filter 
chamber; see Section 5.8.7). 
The following parameters should be checked and documented individually for each filter stage on a monthly 
base: 
— date, name of person performing the check 
— current pressure difference (after zero adjustment of the pressure gauge, if any) 
— appearance of the air filters (check for visible leaks or any failure in the filter material and visible microbial 
growth) 
— air seal between filters and frame 
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In case of noticeable deficiencies such as inhomogeneous dust load, moistening, microbial growth, leaks, 
deteriorating filter media or dust infiltration, the air filters of the concerned stage should be changed. If microbial 
growth is observed on the air filters, the causes should be identified and eliminated permanently, or appropriate 
action should be taken to prevent microbial growth. If regenerative air filters exhibit obvious contamination, 
identify and eliminate the causes. 
Air filter elements should be changed at the latest, if the permissible final pressure drop (see Section 4.3) has 
been reached or when technical and/or hygiene deficiencies are observed. Presuming that the air filters have 
not reached the final pressure drop, an additional hygiene inspection should be carried out after one year at the 
latest for the air filters of the first stage, and after two years for those in further filter stages. Based on the findings 
of this hygiene inspection, a decision should be taken as to whether filters can be operated for one more year 
or have to be changed out. In case air filters are operated for one more year, further additional hygiene 
inspection should be carried out on a yearly base. Changing air filters may also become necessary for other 
reasons such as construction or reconstruction work on the air handling system. Besides the permissible final 
pressure drop and the hygienic state of the air filters, also an optimisation between filter purchasing cost, cost 
for filter change-out and the energy cost (see Section 4.3) has to be considered to find the optimal time for filter 
change. 
When installing new air filters, ensure air-tight sealing between filter frame and duct wall. In the case of pocket 
filters, no filter pockets should get jammed or damaged. Pocket filters should always be installed with the pockets 
in a vertical position. It should be possible for all filter pockets to unfold freely in the airflow. 
When changing the air filters, avoid any contamination of the environment, downstream air-conditioning units 
and the rooms to which air is supplied. Make sure, in particular, that the new filters to be installed are not 
contaminated by dust. Personnel changing filters should wear suitable protective equipment. Regular filter 
change should be planned and replacement filters should be available prior to their requirement. A good and 
detailed record of air filter service work should be maintained (see Section 5.8.7). 
Many food factory air handling filter systems are serviced using a specialist company who should be 
knowledgeable in all aspects of air supply into and through a food factory. 
Filters should be stored in a dry and clean place, preventing damage, contamination and moisture penetration. 
7.3.5 Fan 
Fan and drive units should be checked periodically for contamination, damage and corrosion.  
The most common design of fan installed within air handling units is of the centrifugal design, with direct drive 
caseless impellers gaining in popularity. Service is limited to bearing and drive examination, lubrication as 
required and examination of the drive belts when installed. Ensure that the anti-vibration mountings (AVM) are 
in good order and that the fan is clean and rotates freely. Any deficiencies should be corrected. Note any wear 
and corrosion which may indicate moisture and or chemical attack. In the case of visible dried residues of 
entrained humidifier water or condensate, the causes should be eliminated. 
Return air ductwork fitted with axial fans to assist in the air return to the AHU should be checked to ensure that 
the impeller is free of dust which may be a result of airborne process particles. 
7.3.6 Silencers 
Sound attenuation may be installed upstream, within or downstream of the AHU. In all cases silencers should 
be inspected at least once a year to ensure the silencer medium is in place and sealed into the metal surround, 
and for contamination, damage, and corrosion. Visible contamination should be removed. Damaged baffles 
should either be repaired in an appropriate manner or should be replaced. Identify and eliminate the causes of 
any visible effect of humidity. Whether or not acoustic baffles can remain in use is to be decided depending on 
the result of the microbiological examination. In the case of odours emanating from the silencers, acoustic 
baffles should be replaced. Special attention is suggested for installations located in the supply ductwork. 
Access for effective inspection is required in all cases. 
7.3.7 Humidifiers 
It should be ensured that no water in the form of condensate or aerosol can, at any time, precipitate downstream 
of the humidifier units. Ensure proper functioning of the humidity measuring equipment and control units, 
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particularly when operating with a variable air volume flow. Mist collectors downstream of air humidifiers 
including condensate trays and drains have to meet the same requirements as mist collectors downstream of 
air coolers (see Section 7.3.9). 
All water-carrying parts and permanently wet parts require periodic inspection, cleaning, and disinfection, if 
necessary. The water supplied to the humidifier shall comply with the microbiological requirements of the WHO 
guidelines for drinking-water quality (Ref. [9]) or the national Drinking-Water Ordinance, whichever is stricter. 
Further requirements for the water used for humidification are given for example in VDI 3803 Part 1, Table B1. 
Where the extract air may affect the supply air, indirect adiabatic cooling of the air is subject to the same 
requirements as supply-air humidification. 
7.3.8 Dehumidifiers 
The requirements laid out in the section on air humidifiers and the section on heat exchangers/coolers apply 
analogously to dehumidifiers. 
7.3.9 Heat exchanger (including heat recovery unit) 
Heat exchangers and their accessories (such as mist collectors and condensate tray) should be checked 
periodically for contamination, corrosion and damage on the air side, as well as for tightness. Cleaning is 
required even in the case of minor contamination. 
Where cleaning of the installed unit is not possible (as it may be the case in existing systems), the heat 
exchanger should be dismounted for cleaning. If cleaning is performed with the unit remaining in place, it should 
be ensured that any contamination or humidity removed cannot infiltrate downstream components of the system. 
Leakages of the partition wall should be repaired immediately. 
In case of coolers working below the dew point (dehumidification), the cleanliness and the condition of the mist 
collector, the condensate tray, the condensate drain and the siphon should be checked during each inspection. 
Any cleaning required should be carried out immediately. Deficiencies found on the condensate drain should 
be eliminated immediately. 
7.3.10 Recooling plants 
When operating recooling plants, sufficient water quality should be ensured. The set blowdown rate should be 
verified periodically by means of measurements. Cleaning intervals should be matched to local conditions. 
Emptying, cleaning and rinsing of the entire system with drinking water is required: 
— prior to commissioning 
— at the end of the cooling season and before extended shutdowns 
— before the beginning of the cooling season and after extended shutdowns 
— not less than twice a year 
The recirculating water may require anti-microbial additives or other appropriate measures depending on the 
water quality. Periodic examinations of the total number of CFUs and legionellae are required. 
In case the microbiological requirements of the water are not met, cleaning and refilling are required. The water 
supplied shall at least comply with the microbiological requirements for Drinking-Water (see EU Council 
Directive 98/83/EC or WHO Guidelines for Drinking Water Quality). If necessary, the system should be 
disinfected using substances whose effectiveness has been demonstrated in practical applications and which 
are harmless to human health and will not cause material damage when properly used. 
Further guidance is given in EHEDG Doc. 24. 
7.4 Training and qualification personnel 
EHEDG document 34, chapter 5 gives recommendations for the training of personnel and is also applicable to 
air handling. 
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7.5 Air quality monitoring 
Air quality monitoring in a food manufacturing environment should be implemented to control dust and 
microbiological contamination risks caused by people, the processes and the environment. In addition, 
temperature and humidity are often monitored, if the product or process specific sensitivity will require this. 
Levels should be measured at certain intervals and compared against pre-determined standards. The 
frequencies of sampling (daily, weekly, monthly) and documentation should be enough to provide control and 
meaningful trending data. The sampling plan should consider the manufacturing zone, the targeted 
contaminants and the sensitivity of the products produced. In a production environment with a low probability of 
airborne contamination, air monitoring might not be required. Air quality monitoring may include  
— Temperature measurement and control 
— Humidity measurement and control  
— Airflow/ air velocity measurement and control  
— Differential pressure measurement  
— Airborne particle concentration monitoring 
— Microbiological monitoring based on zoning hazard analysis, optional for zone B, recommended for zone 
M and essential for zone H 
Particle counting is typically done for clean rooms, i.e. aseptic filling areas. The internal recognized standard for 
particle counts is ISO 14644 “Cleanrooms and Associated Controlled environments”, which, among others, 
gives a classification of air cleanliness by particle number concentration (number of particles per m³) and 
directions for monitoring to provide evidence of clean room performance by airborne particle cleanliness. 
Common in the food industry is the microbiological monitoring, which typically includes total counts (expressed 
as colony forming units, CFU, per m³) from air samples, as well as the concentration of yeasts and moulds in 
the air. In some cases Coliforms, Lactobacilli, or Legionella might be considered in addition. As spores of mould 
will survive in air for the longest time of all these indicators, it is recommend to have their level included, in case 
microbiological monitoring is deemed to be necessary. 
7.6 Maintenance and cleaning 
This section is intended to provide comprehensive information with regard to cleaning, disinfecting and hygiene 
procedures for air handling systems.  
The setup of a reasonable cleaning and disinfecting regime for these facilities is a complex task. Food producers 
should plan and manage their choice of detergents, disinfectant and the operations to deliver the required 
hygiene condition. As a result several hygiene issues should be taken into consideration to avoid any negative 
food safety impact. 
The global reported number of food poisoning cases continues to rise. Food poisoning may be caused by food 
products contaminated with micro-organisms. A real improvement in attaining consistent standards of hygiene 
is possible through adopting a HACCP approach to food safety and understanding the procedures of cleaning 
and disinfection, a. o. for air handling systems. A further important aspect is the use of approved hygiene 
chemicals to achieve both successful hygiene results and prevent corrosion and destruction. 
Cleaning and disinfection are central components to keep the required plant hygiene within the hygiene chain 
of food producing industries always in a proper condition. It is the obligation of the hygiene responsible person 
of a food processing factory to keep the air handling systems always in a proper hygiene condition in order to 
ensure the required plant hygiene at any time and to avoid food contamination by these systems. 
Airborne microorganisms in a vegetative or dormant (spores) state have a high potential to find their habitat 
within air handling systems. The growth of micro-organisms is very much supported by humidity or by the 
formation of condense water. The entry and distribution of organic particles, such as dust or other airborne 
material, delivers nutrient media through the systems and cause a risk of an increase of microbiological counts. 
Not rarely, significant contaminations of air handling and air distributing systems are caused by a cross 
contamination of germs within air handling systems. 
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Figure 9: Contaminated evaporator for air cooling 
   
Figure 10: Deposits in the environment of an air handling system (fan outlet) 
Many common air handling systems contain materials which have a low chemical compatibility and are therefore 
suspect to corrosion. Examples of these materials are copper, aluminium, alloys thereof and galvanised steels 
and some elastomeric or thermoplastic polymers. 
In the context of the hygienic demands, the use of detergents and disinfectants and the kind of the application 
technique becomes an important factor. To meet the hygiene requirements and to avoid corrosion, the cleaning 
regimes should be adjusted according to the defined hygiene demands. 
7.6.1 Cleaning of air handling systems 
Standard DIN 10516 (Food hygiene – Cleaning and disinfection), for example, describes cleaning as a 
procedure which removes unwanted substances from surfaces of rooms, equipment and devices. Unwanted 
substances could be micro-organisms, organic or mineral residues and further contamination such as allergens 
or chemical compounds. A regular and well-adjusted cleaning protects equipment against corrosion or lost 
effectiveness. The cleaning regime has the important task to withdraw the nutrient matrix for micro-organisms. 
It should be suitable to remove organic and inorganic deposits entirely. Besides the characteristic of the 
detergents and its composition based on different active substances, the systematic use of these is crucial as 
well.  
For the desired efficient cleaning and to avoid any corrosion of air handling systems, the instructions and 
recommendations of the manufacturer should be followed. 
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To avoid the build-up of critical bio mass (organic residues = potential bio mass!) it is recommended to carry out 
the cleaning measures methodically and with a suitable detergent and regime. High pressure cleaning (pressure 
>45 bar) should be avoided due to risks of material damages and the formation of aerosols which has high 
potential to re-contaminate already cleaned surfaces.  
Generally cleaning and disinfection should be carried out in two separate steps. Even small remaining micro-
organisms on the surfaces after a cleaning step have the potential of recontamination of air handling systems. 
The risk of surviving germs is always given when soil residues were not completely removed by an efficient 
cleaning. Organic matter impacts the efficacy of disinfectants. For example can biocides react with the residues 
or germs cannot be reached by the biocides as they are covered by deposits. Therefore, biocides may be 
significantly hindered in their efficacy, and hence, a successful cleaning is a precondition to achieve the required 
germ reduction during the following disinfection step. As a basic principle, an effective disinfection is impossible 
without cleaning. 
  
Figure 13: Remaining swarf, grease and other 
dirt after installation of a new air handling 
system 
Figure 14: Rust formation because of remaining 
metal pieces after installation of a new air 
handling system (a. o. abrasive dust) 
All parts of an air handling systems should be thoroughly cleaned after the first installation, assembling or 
maintenance activities. Otherwise dirt such as metal pieces or grease may cause risks in case of corrosion or 
contamination (see Figure 13 and Figure 14). 
Proper considerations of a hygienic design and the materials used for the design of air handling systems are 
essential to achieve good cleaning and disinfection results. All surfaces should be reachable for the detergents 
and disinfectant and should allow a complete removal of any chemicals. The manufacturer should ensure that 
the materials for air handling systems will not be corroded by common detergents or disinfectants. The chemical 
material compatibility should always be taken into consideration when detergents or disinfectant are chosen. 
Detergents which are used to clean air handling systems should… 
— …be able to reach the entire surfaces (requirement: Hygienic Design should allow reachability) 
— …dissolve and remove present deposits 
— …be suitable to the materials of the air handling unit 
It should be considered that mist of cleaning and disinfecting agents, generated during plant cleaning operations 
(machines, utensils, floors, wall, etc.), will get in touch with the air handling systems. This is significant in cooled 
rooms when warm water is used for the cleaning activities. Suitable measures should be carried out to avoid 
any risk for the air handling systems. 
In practice, the individual components of air handling systems can be allocate to different types of cleaning 
methods as shown in Table 7. 
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Table 7: Cleaning methods for air handling systems 
Air ducts, Air 
ventilation ducts 
Dry cleaning: e. g. Engine-driven rotating brushes, dry ice 
Controlled wet/wet: e.g. detergents, disinfectant – manual 
Evaporator Preferable controlled wet/wet: 
Detergent, disinfectant - manual or via air flow 
Motor/ Ventilator       Controlled wet/wet: detergent 
manual or foam cleaning and disinfection 
Filter housings / other 
facilities 
Controlled wet/wet: detergent 
manual or foam cleaning and disinfection 
 
Cleaning activities should be carried out by a qualified personnel or contractors. 
The hygiene responsible persons have to verify the effectiveness of the cleaning based upon predetermined 
limits for microbial contamination and/or particle counts. They further should identify the frequency of the 
cleaning activities, establish – if demanded – trend analysis, and evaluate the need for extra cleaning. 
Microbiological contamination of surfaces within the air handling systems should be avoided. If cleaning and 
disinfection is not carried out on a suitable frequency biofilms which are difficult to remove may occur on outer 
and interior surfaces. These may cause both hygienic and corrosion problems (MIC - microbiologically 
influenced corrosion).  
The mist or aerosols created during the regular plant cleaning that may reach air handling systems should be 
taken into account to avoid corrosion in the air system. These contaminations may cause corrosion when 
different cleaning/disinfecting residues are mixed and will not rinse off.  
To reduce the formation of aerosol, foam cleaning via low pressure application systems (< 25 bar spray 
pressure) is the predominant method employed for cleaning open plant (COP) in the food processing industry. 
This method should be used for most food processing areas as it also reduces the risk of cross contamination 
caused by mists or aerosols compared to high pressure cleaning activities. 
   
Drawing 1: High pressure application 
(>40bar) should be avoided. It is important 
to use medium/low pressure (<40 bar) and 
to rinse off of detergents or disinfectants 
residues from top to bottom. The water-jet 
during rinsing should not contaminate the 
air handling system! 
Drawing 2: Rinse off. Adjust the water-jet 
above the detergent / disinfectant film. 
Result no contamination by chemical-
containing droplets. Certainly humidity 
reach the ceiling and air handling systems 
(e.g. condense water formation – cause 
hygiene risks) 
Drawing 3: Rinse off. Systematic rinse off 
for top to bottom avoids contamination of 
air handling systems at the ceiling! 
Figure 11: Examples of incorrect and correct cleaning activities 
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During the low pressure foam cleaning, following a pre-rinsing step with water, all surfaces should be 
systematically (from bottom to top) treated with the active foam detergent. During the following residence time, 
the active ingredients in the foam blanket penetrate the soil deposits on surfaces. The following water rinse will 
then be able to remove easily both the foam product and the broken down soil deposits. It is important to 
thoroughly rinse all surfaces, also in air handling systems, which were in contact with the detergent. 
Mistakes during cleaning activities which lead to contamination of air handling systems should be avoided (see 
drawing 1 to 3 in Figure 15). 
 
Figure 12: Corroded air handling system. If plant cleaning is carried out with high pressure water-jets 
and/or if during rinsing mists containing cleaning agents are transported to the ceiling (see drawing 1 
in Figure 15), corrosive chemicals and cleaning agents might be spread uncontrolled through-out the 
factory causing corrosion on metal equipment. 
DIN 10516 “Food hygiene – Cleaning and disinfection” for example requires, that detergents and disinfectants 
have to be removed from all surfaces. This affects also surfaces within the environment of the cleaning activities 
which might be contaminated by aerosols or splash water. 
  
Figure 13: Corroded air handling system. 
Unnoticed contamination. Cleaning solutions, 
which are used for the plant cleaning 
(machines, utensils, floors, wall, etc.), will get 
in touch with the air handling systems. 
Suitable measures should be carried out to 
avoid any risk for the air handling systems. 
Figure 14: Mist formation should be avoided 
during cleaning. If this is not possible 
suitable measures should be carried out to 
avoid any risk for the air handling systems. 
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7.6.2 Material compatibility 
The regular inspection of air handling systems and the immediate elimination of defects and corrosion should 
take place. 
Typical materials of air handling systems are: 
Metals    Stainless steel, copper, aluminium and galvanized steels  
Thermoplastic  Polyethylene (PE), Polytetrafluoroethylene (PTFE), Polymethylmethacrylate (PMMA) 
Elastomers  especially synthetic sealing such as ethylene propylene diene monomer rubber (EPDM), 
fluoroelastomers (FKM), nitrile butadiene rubber (NBR), Silicone, Polyurethane (PUR), 
Polyamide (PA) 
Some of these materials have a limited compatibility to cleaning and/or disinfecting solutions. Aluminium for 
example is not compatible to high alkaline solutions and galvanized surfaces should not be treated with any 
acidic or high alkaline solutions. Even neutral solutions might cause corrosion on stainless steel or aluminium, 
for instance when they contain chloride. 
Manufacturer of air handling systems should use corrosion-resistant material for the manufacturing of their 
systems whenever possible. Table 8 specifies some examples of common materials and their characteristics. 
The mist or aerosols created during the regular plant cleaning that may reach air handling systems should be 
taken into account to avoid corrosion in the air system. These contaminations may cause corrosion when 
different cleaning/disinfecting residues are mixed and will not rinse off.  
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Table 8: Compatibility of materials used in air handling systems 
Material Chemical material compatibility  Cleaning / disinfection recommendation 
Stainless steel 
e.g. 1.4301, 1.4310, 1.4404, 
1,4571 
Risk of pitting corrosion in presence of 
chlorides. The impact will be reinforced in 
presence of acid solution. 
Suitable to common 
detergent and 
disinfectants. 
Galvanised steel (zinc)  Zinc is not suitable to acids and high alkalinity Avoid high ph (>10) and 
low pH-values (<6)  
Eventually use inhibited 
detergents  
Aluminium and its alloys 
such as AlCuMgPb, 
AlMgSi0,5, AlMg4,5Mn, 
aluminium hart coated or 
aluminium elxoadized 
The alloying element magnesium reduces the 
material compatibility compared to pure 
aluminium. 
Strong alkaline media reacts with aluminium 
(formation of hydrogen peroxide gas!). Risk of 
pitting corrosion in presence of chlorides. 
Suitable in a pH-range 
for 6 to 9.5.  
Paint films Coating in accordance to EN 971. Limited 
suitable to alkaline pH and chlorine. 
Limited suitable to 
common detergent and 
disinfectants 
Copper and its alloys such 
as brass 
Discoloration already in presence of humidity. 
Not suitable for acids. Acetic acid reacts to 
poisonous copper acetate.   
Limited suitable to 
common detergent and 
disinfectants 
HD-PE Very good chemical resistance Suitable to common 
detergent and 
disinfectants 
PEEK Very good chemical resistance Suitable to common 
detergent and 
disinfectants 
PTFE  Very good chemical resistance Suitable to common 
detergent and 
disinfectants 
POM Good chemical resistance  
Not suitable to acidic solutions and chlorine  
Limited suitable to 
common detergent and 
disinfectants 
PA, PA6, PA66, PA12 Good chemical resistance  
Not suitable to acidic solutions and chlorine  
Limited suitable to 
common detergent and 
disinfectants 
Silicone Good chemical resistance. Suitable to most 
common detergent and 
disinfectants 
NBR Limited material compatibility. Not suitable to 
high caustic media. Very good resistance 
against fat and oil  
Limited suitable to 
common detergent and 
disinfectants. 
FKM Good chemical resistance. Suitable to common 
detergent and 
disinfectants. 
EPDM Hydrogen peroxide polymerized qualities 
have an very good chemical resistance 
Suitable to common 
detergent and 
disinfectants 
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7.6.3 Application limitations 
Detergents and disinfectants should be used as recommended by the manufacturer. Due to operational safety 
and to avoid corrosion, undiluted detergents or disinfectants should not be used to clean or disinfect air handling 
systems. Exceptions are alcohol based disinfectants which are sprayed onto the cleaned surfaces as all active 
components evaporate from the surfaces after the treatment. 
The balance between application on surfaces and direct treatment of the room air has to be well-defined. 
Even neutral solutions, condensed water and micro-organisms might cause corrosion. This should be taken into 
consideration when different materials are combined within one system. Provide special attention to systems 
which contain copper, copper alloys, aluminium, aluminium-alloys and galvanized steel.  
Stagnant water on surfaces may cause electro-chemical corrosion if different types of metal are combined within 
one system. Combination of metals with significantly different electro-chemical potential and an increasing pH-
value of the cleaning and disinfection solution promote this corrosion type. 
7.6.4 Cleaning and disinfection procedures – recommendations 
The cleaning of air handling systems which contain sensitive materials should be carried out by a pH-neutral to 
mild alkaline detergent.  
For disinfection, beside alcohol based disinfectants, mild formulations, e.g. based on amines or quaternary 
ammonium compounds (QAC’s), are applicable. These are able to reach a wide spectrum of micro-organisms, 
have a good material compatibility and allow a safe handling even when used manually. 
For some applications, manual cleaning methods by e.g. wipes, brushes can be replaced by automatic 
techniques (e.g. cleaning robots).  
For the cleaning of large surfaces, e.g. the outer surfaces of air distributing systems (such as air ducts), low 
pressure foam cleaning / disinfection is recommended.  
Figure 19 shows the general steps of a cleaning regime for air handling systems. 
 
Figure 15: Example of a cleaning / disinfection regime 
The choice of the cleaning method, as well as the type of detergent and disinfectants used, depends on the 
design of the facilities and the nature of the surface materials. 
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Table 9: Recommendations for a controlled wet cleaning and disinfection of surfaces of air handling 
systems 
System unit Regular maintenance 
cleaning 
Basic Cleaning* …with followed 
disinfection* 
Air ducts • Combined cleaning & 
disinfection 
• Manual or low foam 
pressure regime   
• neutral to mild 
alkaline 
• engine driven 
brushes 
• Manual or low foam 
pressure regime   
• neutral to mild 
alkaline 
• combined cleaning & 
disinfection 
• or disinfection after 
cleaning 
• Manual or low foam 
pressure regime 
• neutral to mild 
alkaline 
Evaporator • Combined cleaning & 
disinfection 
• manual 
• neutral to mild 
alkaline 
• manual wiping 
• neutral to mild 
alkaline 
• combined cleaning & 
disinfection 
• or disinfection after 
cleaning 
• Manual or low foam 
pressure regime   
• neutral to mild 
alkaline 
Motor/Fans • Combined cleaning & 
disinfection   
• Manual or low foam 
pressure regime   
• neutral to mild 
alkaline 
• combined cleaning & disinfection with a low 
pressure foam regime 
• neutral to mild alkaline 
 
* Cleaning activities should be preferably carried out by a specialized contractor with suitable equipment and application know-how 
7.7 Operating modes 
The installation will by design be able to operate under all required modes. The following modes can be 
applicable and should be evaluated and documented for the functionality, capacity and safety aspects. 
— Normal operation 
— High/low operational mode 
— Standby operation 
— Cleaning mode 
— Disinfection mode 
— Night operation 
— Redundancy change over mode 
— Failure modes (electrical failure, fire alarm e.g.) 
Note: consideration should be given to different parameters and changeover of the system between various 
modes of operation, to make sure no adverse or unsafe conditions occur during a mode or mode change over. 
Examples can be:  
— start-up of systems serving area's with leak tight civil construction (danger of excessive room over- or 
under-pressure and/or adverse airflow). 
— systems with variable exhaust volumes (danger of adverse airflow) 
— wet cleaning with high moisture / aerosol load (danger of condensation) 
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7.8 Documentation, air quality manual (basic requirements) 
Air handling equipment is usually located in ceiling voids away from the daily operations of the food factory. 
With this in mind and the often infrequent attention to such equipment, it is important to document the air 
handling specification and scope of operation and maintenance, to ensure best practice and to maintain 
operating performance. 
A manual of documents can be referred to as an Air Quality Manual, the name being a focus on the function of 
the equipment and its importance in the food safety programme. This Air Quality Manual can be composed of 
the documents generated during a documented design, construction and qualification process (see 5.1) or as 
described below. 
A suggested index for the air quality manual would be; 
— Title and index of contents 
— Function of the document 
— Food safety standards documentation 
— Technical data of the AHU equipment, specification, commissioning and history of modifications 
— Commercial documents and correspondence with suppliers and maintenance contractors 
— List of equipment and components including the air filtration, motor and fan details 
— Proposed schedule for maintenance and cleaning 
— Airflow mapping – food process space 
— Maintenance reports and recommendations 
— Technical literature specific to the installations 
Effective AHU maintenance requires a selection of skills including an understanding of airflow, air filtration, 
mechanical maintenance, heating, cooling and electrical controls. 
It is recommended that a service company experienced in this work be contracted to support the food production 
operations. The frequency of service visits is determined by the age, design, condition and complexity of the 
AHU equipment.  
Service report documentation should include a review of issues raised during the maintenance and an indication 
of the urgency for each issue. Suggestions for future work to improve the operation and efficiency of the 
equipment should form part of the report. 
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Checklist for operation and maintenance 
The following checklist is based on the checklist given in VDI 6022, with some adoptions considering the specific 
requirements of the food industry. In any case, this list has to be adapted to the individual requirements based 
on risk evaluation. 
    Recommended time interval in 
months 
  Activity Action, if required 1 3 6 12 24 
1 Outdoor-air inlets 
1.1 Check for contamination, 
damage and corrosion 
Clean and/or repair    X  
2 Textile air distribution ducts 
2.1 Check for contamination or 
damage 
Wash or replace X     
3 Air filters 
3.1 Check for unusual level of 
contamination, visible mould 
growth, damage (leakages) 
and odours 
Replace any effected air 
filter  X    
3.2 Check differential pressure Change filter stage, if 
final pressure drop is 
reached 
X     
4 Fan 
 Check for contamination, 
damage, and corrosion 
clean and repair, check 
water drain   X   
5 Air ducts 
5.1 Check accessible duct 
sections for damage 
repair    X  
5.2 Check two or three 
representtative locations on 
inner duct surface for 
contamination, corrosion, 
and water ingress 
inspect duct system at 
further locations, decide 
on the necessity of 
cleaning (not only of 
visible sections!) 
   X  
6 Silencers 
 Check silencers for 
contamination, damage, and 
corrosion 
repair or replace; perform 
adhesive-film (swap) test, 
if necessary 
   X  
7 Humidifiers 
7.1 Air humidifiers operating with recirculating water 
7.1.1 Check for contamination, 
damage, microbial growth, 
and corrosion 
Clean and repair 
X     
7.1.2 Function-check shutdown 
controls 
Re-adjust    X  
7.1.3 Determine number of CFUs 
in the recirculating water 
if number of CFUs > 1000 
CFU/ml, clean, rinse and 
X 
(2x)     
 DOC No. 47 ©EHEDG  53 of 55 
    Recommended time interval in 
months 
  Activity Action, if required 1 3 6 12 24 
dry the tray; disinfect; test 
quality of supply water 
7.1.4 Check spray nozzles for 
deposits 
clean or replace nozzles X     
 7.1.5 Check circulation pump for 
contamination and deposits 
in the intake line, check 
condition and functioning of 
water filters 
clean pump circuit 
 X    
7.1.6 Function-check conductivity 
sensor 
Repair X     
7.1.7 Function-check disinfection 
facilities 
Repair   X   
7.1.8 Completely empty and dry 
humidifier unit 
 During shutdown 
7.1.9 Check mist collector and flow 
rectifier for contamination, 
damage, deposits, and 
corrosion 
if deposits have formed, 
extract and clean unit, 
check region downstream 
of mist collector 
X     
7.2 Air humidifiers operating without recirculating water 
7.2.1 Check for contamination, 
damage, microbial growth, 
and corrosion 
Clean and repair 
 X    
7.2.2 Check for condensate 
ingress in the humidifier 
chamber 
clean and repair steam 
humidifier X     
7.2.3 Check vapour distribution 
system for deposits 
Clean   X   
7.2.4 Check spray nozzles for 
deposits 
clean or replace nozzles X     
7.2.5 Check drain Clean and repair  X    
7.2.6 Determine number of CFUs 
in the humidifier water 
Exception: steam humidifiers 
if number of CFUs > 1000 
CFU/ml, clean, rinse and 
dry the tray; disinfect; test 
quality of supply water 
  X   
7.2.7 Function-check control valve Repair   X   
7.2.8 Check humidity limiter Repair   X   
8 Dehumidifiers 
 8.1 Check for contamination, 
damage, corrosion, and mist 
penetration 
Clean or repair 
 X    
 8.2 Function-check drain and 
siphon 
Repair  X    
 8.3 Clean wet cooler, mist 
collector and condensate tray 
   X   
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    Recommended time interval in 
months 
  Activity Action, if required 1 3 6 12 24 
9 Heat exchanger (including heat recovery unit) 
 9.1 Visual inspection of air-to-air 
plate heat exchangers for 
contamination, damage, 
corrosion 
Clean or repair 
  X   
 9.2 Visual inspection of air-to-air 
rotary heat exchangers for 
contamination, damage, 
corrosion, and tightness 
Adjust seals, clean, or 
repair   X   
 9.3 Visual inspection of directly 
heated heat exchangers for 
tightness 
replace seals, clean, 
repair    X  
 9.4 Heaters: Check for 
contamination, damage, 
corrosion, and tightness 
clean and repair, replace 
  X   
 9.5 Coolers: Check tube 
bundles, mist collectors and 
condensate tray for 
contamination, corrosion, 
damage, and tightness 
Clean or repair 
 X    
 9.6 Function-check drain and 
siphon 
Clean or repair  X    
10 Recooling plants 
 10.1 Check for damage and 
corrosion 
      
 10.2 Empty, clean, and rinse the 
entire system during 
operation 
 
     
 10.3 Determine total number of 
CFUs in the recirculating 
water using dip slides (only 
during operation) 
if > 10000 CFU/ml, 
empty, clean and 
disinfect; if necessary, 
decide on continuous 
disinfection 
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Abbreviations 
AHU Air Handling Unit 
ASHRAE American Society of Heating, Refrigerating, and Air-Conditioning Engineers 
AVM Anti-Vibration Mounting 
CIP Cleaning-in-place 
CFU Colony-Forming Unit 
DD Detail Design 
EC European Commission 
EPA filter Efficient Particulate Air filter 
EU European Union 
FAT Factory Acceptance Test 
FD Functional Design 
GF Gas phase or molecular filters 
GMO Genetically Modified Organism 
GMP Good Manufacturing Practice 
HACCP Hazard Analysis Critical Control Point 
HEPA filter High Efficient Particulate Air filter 
HVAC Heating, Ventilation and Air Conditioning 
IQ Installation qualification 
MERV Minimum Efficiency Reporting Values 
MPPS Most Penetration Particle Size is the particle size at which the fractional efficiency of an 
air filter is at a minimum 
OQ Operational Qualification 
P&ID Process and Instrumentation Diagrams 
PM Particulate Matter; fine dust fractions are often referred to as PM1 (particles smaller than 
1 µm), PM2.5 (< 2.5 µm) or PM10 (< 10 µm) 
PQ Performance Qualification 
RH Relative Humidity 
SAT Site Acceptance Test 
ULPA filter Ultra Low Penetration Air filter 
URS User Requirement Specification 
VDI Verein Deutscher Ingenieure (Association of German Engineers) 
 
